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(54) B89J©«»] 7^WWv-«i£«iB-rsiBlcW^)ail«bK-3V»TX^U-=:>^-r**S 



(57) [5?J»] 

*389ftt. r*y/wv-ii (ad) tsjzzt/zit\m 
mice. ^-©«ifi!iAt®*^ttaaft** 

*#J*ttBS-rf. J t</>U&i><&rF : (a) Aj3"t^ 

>^;nc-t©KJH&i6fti-r*ie : (b) ts&mmittf? 



(2) 

UT : 

( a > a /? $G-* % szrMzmmmzmm?&i.& 

K*ffttiBiMb**»rt*IB*"r*tBA©»S*, A^<Cu (I) . Fe (I 

o 

(a) »i©aj8»^u:cu (in ssan-rsie; 

(b) Cu (I) A<±rt-Tftlc+»«:B*|BIttJ(Il©"9->^$-f>*a^-h 

(c) ^20Aj8t>^u:cu (id esftrrftis-efcor, i$20 

(d) mmi (D-y-^Jtitmcftmmmzo)-*^?)^* ^i^-h*** 

IS; 

(e) tt»ia>-9->^;ufcj:i;»»2©-9->^;uuj:y4«**i4Cu (I) 



(3) 



(f) mmi<Dv-yzfMz&v±m£tihcu (i) o)m£mm2<Dv>zf)i> 

u (I) <DSO)£J|^ l$^M^/><A)9IC«fc^Cu (I) 0>±J&££<b£-t*f:: 
mIIBm2 0-y->^ucJi[c#S-r'2)C u (I) 0>M£, mT: 

(c) m%1 0>-*y?)HS£lfm2<D-V'>'J)l,ip<DC u (I) 0>3££. (b 

[SIM 8 J »*«4lCgBK(D^-CfcoT» 2om±0DH/«C-Stt»^tt 
[SSM9] fi^JS4iziB®(D^T?fcoT, iiaSBmi0)Aj8-*>:?;i,fc 



(4) 



(a) fn©A0-9->:fjUrzF e (III) ^^D-T-SXg ; 

(b) Fe (id tf±mtziz+ttuftrmm'io)v->zr)i,£4^*^K- 

(c) &2<J)A$-*>7MZF e (III) £3$Al]-f £Xfi-efcoT\ ^&2 

?;ua<$ blciSffiH^^^C;, xfs : 

(d) ^1 0>-9->^l/t|^i:M^2<7)-9->^U$-r 
XH; 

(e) i$^10"9->^;UfcJ:t;iSm2(D+>->^;HCj:y±fig$tl-2)Fe (I I 

) <Dm&*&?z>xm ; fcbtfl:: 

(f) mmito-y-yzTfrtplZftttZF e (II) 0M^^2(D-9->^lxtf 
KSfc-f&Fe (II) (DMttt^-T-SXS^^L. 

^-*i.icj:yism2a)-9->^uttt^Lfc^mi 0-9->^;U*IC#ffi-r^,F e ( 

i i) omcDgmt^ mm&mm<Apiz&z>F e (id <D£j££^b£-t*fc 

«fe^B«iiBm2a)-y->^i/*ic#s-r^Fe (id om.^. hit-. 

( a ) 1 to-*^zf)\,t$& umm 2 ©■y->^nc^b^j^iD^i>xfs-efc 
or. mmm^Fe (id te*Lr«Bfl:^»*»rtL», ^4b^iA<§ 

ilfc^&lRJiXfc^**?-*. X*I ; 

(b) ^miO)-9->^Ufc«fei;^2W>^KD?R^^J^-r«>Xli; fcb 

(c) gmiro-9->^;ufc<fct;m2<D-9->^utb<7)Fe (II) ( 
b) -e^fcgs^^fflLrmtij-r^xfi. 

i- >hO'J>~^^>^ (BP) T^>T'fc-5. ^;ic 



(5) 



&®mm%. A£icj;6Fe (i i) <D±i&£mt2-&%mj3iz-D^xmmizw 
s] TJW'Uv-mtixxf/ztzitta&ftnjiiwiz&^x 

mmZhZ>mm<D®fc<Dtzlk<D?5 : £X'&^X , MI£#l;!><Aj8lCj:&H2O20>£f£ 

(a) B1COAJ9-9->^HZCu (II) ffcliFe (III) £;£Jirf£l 

8; 

(b) H 2 02Jb<^-r*lc+^Jtf^iSmi (D+>->^U^-<>^a^- h£t* 

(c) !2©A^>^H:Cu (II) fTfcfiFe (III) 
it-fcoT, K*20-9->^;UA<$&l=««||«|*#t,\ Iff; 

( d ) mm 1 o>vyzrji,km mrmm 2 a>-*>?;i,£-r >+3.^<- k 

(e) 0-9->^fc«fci;^m2O-9->^;UC < i:y^^+i^H2O2a)Ji 

( f ) mmi <ov>zT)i,wzft&t%H202<Dm£mm2<D-y-^zr)i,*izn$. 
*tuz& vmm2<D-*^zr)\,tit%iLtzmm 1 0)V^z?)\,*\zn&?%>H2O2 

[IS3}c«19] If#Jg1 8\ZUmO)l53;X'to?X. (a) fc<J:l/ (b) <D 



(6) 

&XS%2<D*y^?)\,tp\zn&t £H2O2<&S0>3^£. \>XT : 

(a) K3M(D^>:/;uDfncD7'j=i-Hc, Wrt^Mz <fc y ±J&$;tl<i> 

(b) ^•9->^;Uc«*:y4^$*i§H202O-r'<T^fiiilf i>lc+^/d:fi-eT 
CEPJ, 

( i ) W.% 1 <D-y->^K0^ 1 0)7 'J 3— h ; 

(i i ) M1 O-9->^KZ>m2 07'J=l-h ; fccfeU: 

( i i i ) 1I2 0^>^I, 

iz%mi-&xm ; 

(c) (b) T^fc-9">^U^, mTCEPt}mH2O20)-r-<X^m&t^iZ 
+KUmffl4 Is***- *I8 ; 

(d) (c) x-mtz-*>7MzDT NBzmm-f&jLm 

(e) (d) x-mtzv>zr)\,£TMBt<±m?z>iz-i-ftti:B$r£\'( ^a^-h 

( f ) (e) XmzVls7}MD4 1 2 n rnX'^^m^mm-T ; fcfctf 
(g) O-9->^feJ:t;^2(D-9->^U^(DH2O2(0jiJg^, ( f ) T: 

4»-?u- hctiij&s*u *LxmtWk%m<r>m , &tf-l\s- h 'j-^-ict y 

<®*SI£&J£. Ay3lz,feSH202a)±l*^^t$1*-5g|*l-0^ri5l^lcIffii-ri) 



(7) 

(b) mnmi&tsmmzA $ zmntzxiiv&iT . m%2<j>®mm® 

*<*6I=*«*«i*#t,\ Iff; 

[fi*J£2 5] H*®2 4IClEm(D^r'fcor. HffIBA)8 0#^t4^ 

[ES#JS2 6] If*«2 4|CfSm(D^r*fcoT, jwfe A 0 G>#£^tt£ 

[11*^2 7] ^«2 4lCgBmO)^T*feoT. fiillEA fi (DWtZm&Z 

[!M*Jg2 8) S^2 4IC|E«©^^feoT, HflfB«8BSA<7 ? h*§|ffl 

[W#«-3 0] *JWA<Aj&f=J:*Cu (I) <D£j&££fc£t±*#*>^5fr 

A*i»#«**a>4Uc«»cto3fe LTM** «fc 5 l=tt«D 6ttT fc l J . 
( a) % 1 «)Ati«J¥«*<A 0 KtSfc*:?* K£S* ; 
<b) *2©A*i*MF«j&<Cu (I D«t*;fLt 

(c) »3fl)Mlft¥«*BC7=t>m\ 



(8) 

ho 

[H#JS32] JgffJ*<A0l;:J:£Fe ( I I ) <D±j£££fcStf 

(a) 11 0AM^m<A 0*7? K££fr^:7^ K : 

(b) m2(DAtl^lfi*<F e (III) t&ZSft; *LT 

(c) m3(7)Atl^KA<BPT-^>^#t,\ 

*9 ho 

[H*S3 3] lf*JS3 2lcfBmo^-y hT'fcoT. BfllBAiS^^K^ 
LT^-Ti). ho 

stsfcW7h^fcoT, g^&stt*, mm^m^ -iom±<DA*i 

(a) I1 (flAtl^KtfA iS K**«f^^ K££* ; 

(b) S52a>A*l*B^IM<Cu (II) 

( c ) ^ 3 0>A*lti¥IB#T CEP ; * LT 

(d) m4<DAtL^¥lfi^DTNB^^it\ 

*V ho 

[If#Jg3 5] If^3 4IC|Bt60+'y hT?fcor, WEA^^Ktf 
LT#£-f -5k h. 



(9) 



IS; 

fig ; fcbl/lc 

[ft#lg3 7] !S*IS3 6lCtBm<D^^fcoT, (f) IZX. 

tfect, flt*4(1. 4, 11, 18, 24£fcli3 6 (CIB^O);* 



(10) 

[000 1] 

(3fti&l&&£0>ffi&Ba&«> 1 1 V'fjfrhtz&WlzMtzmilzMt £#&) 
*fg?«(D^5t<D|glr(Tt5+ifcSF3£<DgU^li. 7> 'J *iJ:i®£W&j9T^b(Z)B& 
^S§R2 9AG1 2 68 6(Dt<tr-*ili8(lS(D^^3pjfflLfco «Jfrl*. * 

[0002] 

T)W\4^-m (AD) 0>tt&*fiJItt, OTfcHr&fK&A b e t ajJt5§fc«fc 

*W*«*5J:l/talMb$a>(&Sl*, ±TADI=fc*lvC«li?a?*lTl** (Mart 
ins, R. N. b, J. Neurochem. 46:1042 — 1045 (1 

986) ; Sm i t h , M. A. b. , Nature 382 : 1 20~1 21 
(1 996) ;Cebal los-Pieot, I b, Free Radic. 

Biol. Med. 20 (4) : 579-87 (1 996) ; Nunomu ra 

. Ab, J. Neurosci. 19 (6) : 1959-64 (1 999) ) , 

L^ra)^g^la-Cfe^•J#-S (S a n o. Mb. N. Engl. J. Med. 336: 
121 6-1222 (1997) ) „ 
[0003] 

A£li. CuiS^UZnlzmmiZ^t^^^^-X^^o (Huang, X 
b, J. Biol. Chem. 272:26464-26470 (1997) ; 
Atwood, C. S. b. .Journal of Biological 
Chemistry 2 7 3:12817-12826(1998) ;Love 
I I, M. A. b, J. Neurol. Sci. 158 (1) : 47-52 (1 
998) ;Huang, Xb. Biochemistry 38:7609 — 7 
616 (1999) :Garzon-Rodriguez, Wb, J. Biol 
. Chem. 272:21037-21044 (1997) ) c Ctlli. Mittfi 



(11) 



7s bisXlz&ymm^l&liiZtiZo LfrL. ADlz3siiZ*0)lE1?;U®fe}$j: 
If&mZtmX'UlK A*-$ (A/3) O/KUT— li, 4. 3 k Dt'. MBiI$ 
>/^ff(D3 9-4 37S/»^^f K**-C, 7$nf K siNUi* ( 

app) -efey. ztiii. ADi-saLfcto)0i!Mic^ai$*i'5W^^«i:i; 

£#t?) If, #£Lf#-S (Ma s t e r s, C. L. EMBO J. 4 : 2 
757 (1985) ;Masters, C. L. b. , Proc. Natl. A 
cad. Sci. USA 82:4245 (1 985) ) „ AjS jfc£t£ 

[0004] 

5E«t^mi»^iiLrfcy. ADicfciNT^^tfcb-rzit^^-r^mEfiia/i^ 

00)4 2?m (AjSj-42) ^Stf^Kglilttltbtlfc (Mau r y, C. P. 
J. Lab. Investing. 72:4—16 (1995) ;Mu I tha 
up, G. b, Nature 325:733-736 (1987) ) „ A#i_ 
42 (^*^W5*»©*>r^<P«»T?*-5A<) Its Aflft^lCfclvCiiglCjgfg* 

^^^-T-So 0>J*.tt\ Ku o. Y-Mb. J. Biol. Ch em. 271:4 
077-8 1 (1996) ;Roher, A. E. bJ. Biol. Chem. 
271 : 20631-20635 (199 6) £#M0>Z£ o 
[0 0 0 5] 

75D-r K(D£JKfc«li» £&&fogt®m?Z> (Pepys.M. B 

. fc«fctf B altz.M. L. Adv. I mmu nol. 34:141—212 



(12) 



(1983) ; Cohen, A. S. Arthritis and Allie 
d Conditions D. J. McCa r t yl. Lea and Fe 
biger. Phi ladelphia (1 989) f 1 27 3~1 2931; 
Kisi levsky, R. , Lab. Investing. 49 : 38 1~3 
9 0 (1 9 8 3) ) . mz.lt. Jfll,if7 5CK KA (&&Wz±g.t -5k Z.m%& 
14$!Kf&ffc (acute phase reactant)^ >/^^(7> 1 O) 

% ^ZfDTSP-r h*£ (TSP'f K-i/X) £ttz*>t (Go r e v i c. P. 
D. , Ann. NY Acad. Sci. : 3 8 0~3 9 3 (1982)) 

(Kisi levsky, R. , Mo I. Neurobiol. 49:65 

-66 (i 9 9 4) ) „ &&m$^/^n man* ai-ta+*h';^>>fc 

[0006] 

<Digfijii^a)^T'ii. 7 5n< K#j*i*+#i=ttw-c*&i\, fc-tffcb* s*c: 

£fe$tt&tt ISsWfilfc (CSF) ) lcfci*TiEfllfcfc*fr& 

T'fcS (Shoj i. M. , Science 258:126 (1992) ;G 
oldeb, Science 255 (5045) : 728~730 (1992 
) ;Seubert, Nature 359:325 (1992) ;Ha 

asst>. . Nature 359:322 (1 9 9 2)). 
[0007] 

75 □< FZB&tztztbnApnnmb^Mtitm&^nm'Rit. 7 s □ k 
r*mizMtz>mtmmo>w>^mwtLT. mitLtzm&x&if [h + ] om^tt 
%*m?z. fctffcb, ApM*. >ehprc*5it*»i*Kit*fr ( P H3. 5 

~6. 5) TT-§aic2tf8$;h.&^b-Cfcy (Barrow C. J. fcJitfZ 



(13) 



agorski M. G. .Science 253: 1 79~182 (199 
1) ;Fraser. P. E. b. . Biophys. J. 60:1190—1 
201 (1991) ; Ba r r o w. C. J. b. , J. Mol. Biol. 2 
25:1075-1093(1992) ;Burdick, D. J. Biol. 
Chem. 267:546-554 (1992) ;Zagorski, M. G. 
fc«fctfBarrow, C. J. Biochemistry 31:5621—5 
631 (1992) ;Kirshenbaum, K. &&TfD a g g e t t , V 
. , Biochemistry 34:7629 — 7639 (1995) ;Wo 
od, S. J. b. . J. Mol. Biol. 256:870-877 (199 
6) ) s ^LTUK-V^X^jStiZn (II) 0)n&^ *LTJ:y^<ClxSJfil= 
*JL>T. UK-V^XjStiCu (II) fccfctfFe (III) (On&ttK Rlj§14A 
POimZZmizmXtZfrhVhZ (Bush. A. I. b, J. Biol. 
Chem. 268:16109 (1 993) ; Bush, A. I. b, J. Bi 
o I . Chem. 269:12152 (1994) ;Bush, A. I. b. S 
cience 265: 1464 (1994) ; Bush, A. I.b. ,Sc 
ience 268:1921 (199 5) )„ SfSli. A D ICftl^THtttttt 

[0008] 

LfrU -ffi£M^*>*U-haj<D#£TT-G)Zn (II) ^A01~ 4O 

RTi$t40A^^ (0!l*l£. 75o-f K^-^tflc^S-T-SAiS/H'jv-lia) 
Mlrfcl^SA/S^Ey V-0§?^) l-III-S^fS^P-feXli. «IS#14Ai8;t^0[) 
MlCOl^TO) «fc Hott, b LL^B^T'fc^c 
[0009] 

A (I) ^om (ID fl)APPlc«k^ii7cli, JOT£1£A0;K4(ftJ:t;M 

zmzmZo *y»aicit % cosjci*, *is<b7v:fc;u&£jiii£it$rf3ifjg 

£{SiiL*fK ZftliADKfclt-SlSfcMX hbXIC^L^S (Mu I thau 
p. Gb> Science 271 : 1406-1409 (1996) )„ 



(14) 



fcl^T#£?'<2> (Tanzi, R. E. Nature Genetics 
5:344 (1 993) ) . 
[0 0 10] 

ADizmmtzmmnumm. mmttm&®.t$&u&yimt. *m\ztwii 

wj:ii¥tfi&&ti£vm&M&mt* ttt$mmuz<i^3-T!&Zo ad<d&& 
mt. a $ <»itmtf±.u<r)& otemmommt&mizMm lt^z z t 

. AD0)&W.<r)tz!t><J)mmt. ft*, r^|S|X>/\>-y— (cognition 
e n h a n c e r) J izM* LX£tz 0 ZiMt. £S?P-feXCD»gU:iiy*a 

[00 1 1 ] 
[0 0 12] 

£V/t-tzit^miztii*x&mzii&mm£m%tztzft<D-%mz®L. -eon 

mit. A0<0SOD*|,1H£ (r<f*>*. ft8Ht&J£LT$irf£A£(D&:fc) £ 
»lf £d <tfc < , H 2 0 2 ££j£-f &0 2 £ A 0 £<Dft&ftm£tfi\fnZo 
[0 0 13] 

(Sot, *$8BJ?li» ADfc«fci;/^fc|±-?-<DStt(7)«iMfcJ:i;/^/=li^|C 



(15) 



[0 0 1 4] 
tO 0 1 5] 

i^b*^J?!c£PI§1--5&;*j<D;*$£. A£#Cu (I) , Fe (I I) ttzlt 
H 2 02*tt«Wlc±rt U#£^5^£*3rf£c £ ic J: y frd o 
[0 0 16] 

(a) S&l©A0*>:/;Uccu (II) £&arr*Xg; 

(b) Cu (I) tf£tf-*-*lC+#fc|lMlK j eo)mi(D-9->^;u^'r>^ra.K 
-hs-e-sxis ; 

(c) m2(OA/3-y->^UcCu (II) ^^n-r-SX^rfeoT, -5-0^2 
0-y->^U3!)<$bl^l«m%$^t\ III; 

£-t*-i>XlI ; 

(e) •e0^i0-y->^;ufc < fei;-?-<7)m20-b->^uic < ky*fe^^^^cu ( 

I ) <0g£;*3rr£XH ; Sbtflc 

(f) ^romKD-y-^^ucty^Rg^^^cu (i) <z>a£» -ea>m20>-9- 



(16) 



£Cu (I) ©I<OiI^, *<D&&mm<A0iZ&Z>Cu (I) 0>£j£££fc 

[0 0 17] 
K#£-fSCu (I) 0>g£. JUT: 

(c) f 1 ©^V^fcct^ZflJ^V^Hf^C u (I) <D;!J££. ( 
b) T'^fclKW^fflLT^tii^^Ig. 

[0 0 18] 
[0 0 19] 
[0 0 2 0] 

;u/><£#£W-9->:7^ (flijitf. csf) ffc-s„ 

[002 1] 

I I ) O&f&Z&itZit®. -e<D^;4^JUT : 

(a) m-\0)A$V->7MZF e (III) $^0^-1)111; 

(b) Fe (I I) A<4fi£-r*lC+^^B#P B 1, f0Hl©^>^'f>+a 



(17) 



(c) &2<DA$-*>Zf)U\ZF e (III) £ &7JD* £ Iff? o T\ *0)% 

(d) tomi <ov->^^tmcmm. *<r>%zws-2)\,*<i v 

(e) *<*>mi ©•9->^;ufc«i:i;^(7)^2(7)-y->^;uz c fcy^^n-i>Fe ( 
I I ) 0>g£&£1-£l*S : fc^tflc 

(f) (7)-y->^Utfi|C#a-r^Fe (II) <7>M£. fO)l2(Dt> 
^U*lC#S-T^Fe (II) (7)fitit^-r^XS^&#L. 

■HLlCj: y 2 (D^>:7^£ it& L7c-£0)ff5 1 <DV>Zf)l,tplZ&&t -5 F 

« (II) <7>fi0>£ft;!><, -eO^HWAiSICfc^Fe (II) (D£j£££<b 

[0 0 2 2] 

&-£L^nmi&&iztei\x. ±§Bmi (7)-9->^;uife«fei;±i£m2(7)-y->^4 1 

F e (II) 0)S£, JilT: 
-CifcoT. ffl)gWFe (II) t££LTfHb£$l£lf2fijcL*lk *<7>fg<b 

(c) ^-0f& 1 (D-*l'Zf)l&&Vm20)-y-^Zf)l,tp<r)F e (II) 

(b) T-mtz<!gi9Lm$:mmLT&m?z>j:%. 
iz^^x^mti>o 

[00 2 3] 
[0 0 2 4] 

#£LUH»&l::;fc^T, 2 OJU±<Dfi&£i*S*<£MII?|i]£, A£l::J:*F 
e (I I) 0>£.tfL*mtZik%>mi}\Z'DVXftmzmmirZ>o 
[0 0 2 5] 



(18) 



)itf±y>¥to-*>7)\, (m?nt. csf) T-fc-So 

[0 0 2 6] 

*3§WI*£ blC, A Di3j:i;/gfcli-t©gtt(DMS .fctf/^fcli^lftlcfc 

(a) I1(0Ai3t>^U:Cu (II) SfcliFe (III) S^JD-TSX 

!f ; 

(b) H 2 02^fi£-r-5iz+^d:^, 1 o-y-^^^-r^+i^-h 

$t4lS ; 

(c) % 2 0) A $V>Zt MZCu (II) ^fcttFe (III) ZmUt&lL 
STSiOt, ^^m20)^>^U*^?>IZ^»$#t 1 \ Ig; 

(d) *<d&-\ w^jfrtmcmm. f^2©t>^'f>+aK-h 

-5 H 2 O 2 0S t itgt-T £ L . 

^Hiz <t y *-a>m 2 ro-y- > «t it& L tz * om 1 o-b- > ic??£-r & h 

2O20fi<7>£g#. ^aXSMH^A /3 IC J: 5 H20 2 £D^fi£^^<b^-B-fcZ t £ 
[00 2 7] 

»*U*£»»tBicfci,vc\ (a) (b) ©Aj8*:/:/;n&<±*jSStt35 
{* (0i|*l*, csf) 

£-r&H2O20>SO>*££, KIT: 

(b) J 5-0)-9->^Hc < fey^$n-5H2O2a)-r'<T$}i8tS-r-5lc+^^M-C 



(19) 



TCEP£. 

(i) J t<D&-\0)-*)-^Zf)MD%i'\0)T')=i— h ; 

(i i ) ^O3M<7)^>30UD!g2(Dr 'J=l-h ; ti&lf 

( i i i ) *<D%ZO)-*>Zf}l, 

iz%m?%xm ; 

(c) (b) T-mzV^yfrZ. *-<DT CBPi)^<DH2020t^<X^m&t 

(d) (c) VmtzV-^-?MZDTNB$mi!Q-?Z>J:ii ; 

(e) (d) T*mzV>zr)\,$TMBtf±tfl?^lZ+fttj:mffi'( K 

-rain ; 

(f) (e) T-f#fc^>^U04 1 2 nmT?0l»^$ai|^-r-5>X|i ; ^bi; 

(g) ^-<7>S&1 0-9">^;Ufc t kt/m2a)+>->^b*OH202<D;lJt^. (f) 

[00 2 8] 
[002 9] 
[0 0 3 0] 

*^ li ^ b lc s A D J: u:/ * li ^ O^tt «fc I//* fc li^fi& lz 

wis h>\zmmm®*'£t;* is ; 



(20) 



[003 1] 

7y-te'<fc£lW*±/$E7';/-fe'1' (0H*.l*» Live /Dead EukoLi 
g h t V i a b i I i t y /C ytotoxity Assay (Molec 
ular Probes, Inc. (Eugene. OR) frbrtTRS) ) 

[003 2] 
[003 3] 

(a) |M©A*tffc*IR*«A0'<?*K*#fc'<**K*a* : 

(b) »2©A*l*B¥«tfCu (I I) fiSt*;fLt 

(c) m 3 <&Aft^¥K*<BC 7 
[0 0 3 4] 

»*Ll^«»ffilCfc^T. ±IEA/8^^KA^ 8)1 0*/M~ift2 5 //M(D 
[0 0 3 5] 

&f=, XfHfttA£|Cj:&Fe (I I) <J>£.f$.ZmtZMnZ>1i^fr 
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£&fctztz#)<D*v hzhu -eco^Mi. §ss^k£#*k -ecogg^ia 

( a ) m 1 ©A*i*b¥«A<a i5 K***?*?* K&*# ; 

(b) m20Atl^ffiA<Fe (III) i££#*;-?-LT 

(c) m3 0)Atiy}^®tfBP7-*>£$L\ 

[0 0 3 6] 
[0 0 3 7] 

* £fc#>CD*-;/ HcBDU *©*?H*. IS8«», 1 

o &±co A+i^e £ z co * icStM ic^m l r Jix^-r a <fc 9 ic-tttj] b tix *> y , 

(a) $1 ©Ati«B¥aA<A 0 K££fr*:?* K££* ; 

(b) ^2C0A^¥fS^Cu (II) 

(c) l30)A^M^TCEP^^;fLt 

(d) m4C0Att^lS^DTNB^^t;<, 
[0 0 3 8] 

[0 0 3 9] 

LMr^ffl$ti*ll^jco(5^fl)fc«)<7)^[cg|L. -tco^JA^b^TcSfSli^Jl 

( a ) m 1 CO A 0 V > ^HZ^^7cJ5^14^M^M-r Slg ; 

(b) A^^^prggic^-^ic+^^^p B i. -tcomico-b->^u$^>^iL/< 

( c ) 5&2CDA/B -9->^UC^0^ba7cJ5fEt4^Ji^M-r^)lSr'fcoT 



(22) 



(e) *(D3?1 (D"9->^fc < fct;^2<0-9->^K7)#>!2^b7'j3-h$5iy 
liit Jim ; fcbl/lC 

tm&iiK *<nti&mmtf* $ %mzmm Ltz z t % *-r. 

[0 0 4 0] 

VfZL^mMBmizte^x. (f) let, H##r£H!£LT 
[004 1] 

[0042] 

A >S I*, Cu (I I) £Cu (I) lzm7b?Z>1}\ tZtzlZFe (I I I) $Fe 

(in i3g7c-r* 0 Aofccttf^tLfcisaicfcu-c, zn&fcit, mzmi^x 

, M£ LT5§l|?Lfc02^ftfflLT, H202££fi£L (Huang, 19 97 
#10132;Huang, 1997 # 9 9 6 3 ) . Z*l\t. -^OiE^S 

(H 2 0 2 ) ICcfco-CiuHI-f£J:5lck&. X-/^-t4vKX*'Oi;t 
SBBtfcMtlflfcJ:tf*://^f|gm£SI2&C-r (At wood 
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, C. S. . Soc. Neurosci. Abstr. 23:1883 (1 
9 9 7)). 

[0 0 4 3] 

(5£i£) 

[0 0 4 4] 

lfA4t LT^flJT?fci>o **ffllcfcl*T, AjB*?*KI*. ^-Zff- KA 0 i_39 
. K AjB mo, '^^KAiS i-4i, "^KAjS^fccfctf^^KAfl 

i-43* N b*£j££*M#&. nzL^mmrmiztii^T. a/31*, a 01-39. a#i_ 
40, A^i_4i. A^t-42, a b i-Mn&tfzHttomswifrttehm&vmRZ 

HZ* &fc«fc'<J#3;L<ld\ A Pits A ^i_4o^rcf*A j9i_42T?ife>& 0 tf£Ll^ 
HJgm^lCfc^T, AjBli, A/9i-42-C-fc£o *fgW<D^t»£ L^fli&J&ggl* 
. Aj8i-40^fiJffl-ri). LfrU ABU? K(Dlvf JlAMi, ^SgBJjfcftoTffJ 
ffl£*tf#<£o A00IB9JI3U C. Hi I b i ch^ J. Mol. Biol. 2 
28:460-473 (199 2) ICStiiSftS. A j9 1-42'*^ '-H&ttRljSttfi 
V&Ztf. Cttli, «fcyf8tt£/£14 (fibri I I ogen i c) t'fe'J, ^ 

nAfifrmmzmn-z&Vs ^Lxm^ADizni^xmmm^tn tsuz 

uk i, N. , Science 264:1336-1340 (199 4) 

) o 

[004 5] 

Aj8i- 40 (Rj^tiA $ O-r^TOUK^^XtiM^ A0 

1-4213 fcLNT^^tl^o A j9 i-420H?i$*t/t l/K'^ X,<St4fc<i:tfR O S £ 
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[004 6] 
[004 7] 

[004 8] 

»f ^t^ffl^WJ: 41W,fpH (&7. 4) 
. csf. jfa;^, tof&tatl zm®iz\t7Ft 0 

[004 9] 

Zn (I I) , Fe (II I) , Fe (1 I) . Cu (I I) fc^^Cu (I 

) it. mzmnzMiw)* smote (?tit>*>. amovm. si^^tzit 

[0 0 5 0] 

h£fclil)0jlc<fcoT&£;**iS. ffe^W^ttOWtLTIi. MStifc (CS 
F) , jftiift. !hffiti&Zftom<mf*H%tfZftb\zm%.£tit);l\ 

[00 5 1] 

tf (SOD) 0)%fc£L(Dlf1tZ>o KvXA* — tf 1 ( 

SOD1, Cu/Zn SODiLtiSfc^tt) li, C u fc«fctfZ n £EB#C: 

IS£U *LTCu (ID SHMUttfcttfflLT, if^-/H+yh' (o 



(25) 



2") K&U H202£jiJc£±i:-5 (Uchida, K. ^UKawa kish 
i, S. . J. Biol. Chem. 269:2405-2410 (1994) 
) o -HxSU iSl^lOttT'Cu (II) lZ$£'£?%Zk\Z&-oX. A$ltttz. 
*M<bLT02-£<£fflL^&^=tUl&t^ 0 HJS0!I3I*, KX A 

*>S?>y;S1t©fctf>©2rJ*Wfc7y"fe-r (NBTT^-b'T) lCfcL*T\ A 0 X 

sod -i zm&thztiz&zztopjmitiz'D^xoumzTjit <go i ds t 

ein. S. , b, Free Radio Biol Med 4:295 — 3 

0 3 (1 988)) (EI1 2) o ni*&l*ZtlZ % SODKD^ltt, ft5S&1£ 
ffiJ3s®fc£. »l©#iSSEtt»»*5l#iez-r (Rosen, D. . b, Na t u 
re 364:362 (1993)) „ S O D 1 l* s ±l=«BWe*'6a<. 

[005 2] 

omx (App^m*fci*^u-b^'j>i3gfij^izeB-r^) 

+v^14^KU^^-lc^LTM:^WiiM1iT-fc§Z<J:$BJbAMcLfc (Bus 
h, A. I. b, Soc. Neurosci. Abstr. 25:14 (199 

9) ) 0 ztit>0)4 ^\Z#X0>tomt* A0©x-/*-;j-4rvKijt&*ba<J«bLT 
©$iiJ£3mLf#-i>. -<>t*7Kr*©^^ K©*£rau luattStttlbffl 
©j£g£©-sij-cfcyf#£. 

[00 5 3] 

A)8©^s^MtS^. KttlHb»-c*SJ§fc, ;*ive, a^s 

©j:y«^»» 1-42) ±v&*tj:tiimtwtLx&mztim 

£, C©-r-$ (0tJ£0!l3) It. J3f'b<, A£i_4o<fcy tKl^£iftm-eCu ( 

1 I) ^t^tlAiaot, AySi_42A<. A/3i_40cfcU t^&fcX-/*-* 

K©/c©©X*^>v-V— ©.k^-Cfe-SCt^jr^o Cu (II) ICOl^T 
©A^ 1 _42©«fcySt^ftttli. J:ijftl"<??- K©ii*L/i£ v- hMlcJ: 
■5tI^J*lf (Barrow, C. J. . b, J. Mol. Biol. 225 
: 107 5-1093 (199 2) ) , C©igX Ltz$ v- r-#Mtt, SOD1 



(26) 



?P$>/^fl (c u p r o p r o t e i n) |Cftrt& U K?9X3 
ti£C u (I I ) $S£Si$(i<D£il(Dtaj£M?#©-C&a (Frausto da 
Si I v a, J. J. R. , fc«fctfW i I I iams. R. J. P. . The 
Biological Chemistry of the Elements 
, Clarendon Press, Oxford (1991)), J: 
tt$©A/8i-420>£±J&<. ^ l JigK^KlbX hUXlC^-rSM^Mf&g^SBft 

LT^^tl-SSda-Cfcy^-S^MRa b y, C. A. b. J- Neuroch 
em. 7 1 (6) : 2 5 0 5 - 9 ( 1 9 9 8 ) ) „ ^tzltZflyb- 'J 

lozin. B. , b. Science 274 (529 3) : 1 7 1 0-3 ( 

1996) ) o ztat. mm&AD&mz&^T?\z&zztiz>mxLtzA0]- 

T. SOD1(DJ:5f3(Yim. M. B. , b. Proc. Natl. Acad 
. Sci. USA 93 (12) : 5709-1 4 (1 996) ) . A]5lt t 

m#m\z&tfztKMitm&±vi£mztsii%zfaMim ( P r o o x i d a n t 

) T'fcy^£C<t#£bl::<S££*i3, A/?©C(D£j£LfcttgHtSiJ;fcJ:tf:?P 
l»0JL*#£ (Terry. R. D. . b> A n n. Neurol. 30:572 

-580 (1991) ) . Aysii, mf&tsmmmzfsvzw&m&togtf. ±.m- 

&ttMk LTM&£*1<£ (Yankne r, B. A. , b» Science 2 
50:279-282 (1990) ;Behl. C. . b, Cel I 77:8 
17-827 (1994)), LfrU Ktt. *y«l* (:rV * ;U) ;!£ 

"C2l$iMl-^^*#t4'X?fe-S (Yankner. B. A. , b. Science 
250:279-282(199 0)), 
[0 0 5 4] 



(27) 



rksmkissu *LTFe (i 1 1) izftth±v®^wm&£Gtt>-m& 

*>/^MT?&& (Bush, A. I. . b. J. Biol. Chem. 269 
.-12152-12158 (1994) ;Bush. A. I., b, Scien 
ce. 265:1464-1467 (1994) ;Huang, X. , b, J. 
Biol. Chem. 272:26464-26470 (1997) ;Atwo 
od, C. S. , b, Journal of Biological Chem 
istry 273: 1 28 1 7-1 2826 (1 998) ) . Ztlli, C u ( 
4mM) , Zn (ifa 1 . OmM) ti&lfFe (%J 1 . OmM) ADlC 

t$ii%*$itmmziii%iz&mizmmT'&%m&£tstwLnz> (Love i i. 

M. A. , b. J Neurol Sci 158 (1) : 47-52 (199 
8) ) . *bC, A$\t. Cu (I I) fc«fcl>*Fe (III) £iI5cU LT 
A0tf. ^Mzm^m^UmTbm^L (+5 5 0mVWAg/AgCI) 
tZZktfm&flliithtz (Huangb. gibjff) «, 
[0 0 5 5] 

CuJJWZn^U fLTCu (I I) fc^Fe (I I I) £s7C-f 

zmijizmfrx. A0o)o 2 -*mmm£. is—f-'OixaiftMz&mLT. 
vWUA^tT-^mviLizo zti^nnmt. a/3>!><, *uio8m-i«>-i 

(GUI*. 2. 2 x 1 08M-1*!H (SODIifKiftltl)) ) <D*SMb<Z> 
&Jg£&T% Fe/Cuft#£SOD^;St4£^-f Z££^Lfco CCDJtttli, 
Z n (I I ) fcfflOTr'*:?* K<D*$UHk (metal lat ion) Wot 
, Wm\zm*Z*iZ>o AySli, SOD ItlsJ a 

&uimto<j)±o-zihZ>o $bic. ^ttES$§itfi«^«nb5£icfcit§^mso 

D1©J:?|C % A0fi. -3.-Q^0)mmizM&LTWm?Z>m<DX-'<-** 

tt\Z1£Z-rm& : £$lWmZ> (F r e d e r i k s e. P. H. , b, J. B 
i o I . Chem. 2 7 1 : 1 0 1 6 9 (1 9 9 6) ) „ LfrU A $ jb<» &fc 

X hUX(c*fr*SfSlw^4t-5^. £fcliH 2 02*'J7 J 7>X;&<, WISU* 

ORos^^nJcLT, g£a>iM>7;u£g^ *LT&ts&®i£<biifgfc£tf* > 



(28) 



-**is h'mniz-Dl^TOftg&Zg&L. A *-ifSt££3i*-f Str- 
ife* (01 5Afc£i;i 5B) . LTv ^F®aic, BXA*&iBift<t;|c£&£j£ 

[0 0 5 6] 

^fgWli, ;Sfi?£*ifci£§?t (0 2 ) frb<D*fitf>^t40iilHb7Km ( 

H202) (da ( r^pmb»j a /sat*) £Pfl§-fS#. h 2 o 2 ^ 

[0 05 7] 

ADlzfclt^JSH(D7v*;ufc < fci;7SP'< K»BElco^r©M*tifca* 
[0 0 5 8] 

(1) ^!4A/8fifc s «fc^;t^LfcA)S|ll*. X-/(-t+vKvXA^- tf 

(sod) *£S1*£*rf£ 0 K (o 2 -) (TO^bcDfctooSa) 

£*i-5> (@i 1 ) o Anmit&*mtti. MMit*m (h 2 o 2 ) ££j&u 

0>Pn'}ICil7c£;h.SCu (II) £fcliFe (III) ZfoWttZo 
[0 0 5 9] 

(2) h 2 o 2 i*. jt^MSST'^y. mmmzmm^x&mizmmvimv&v 

. *LT-t©±**»&*Lli*iTllfl:»»W#-r«. Willi, i&fflfc 

[0 0 6 0] 

(3) LfrU fcAfeJctfADlZtelvc, H 2 O 2 0> U'tJUiS < , ZLXfJl 

11**7— \£%1kti*lS'<fr***s*— tfStelitel^o H 2 0 2 *<SS 
^lcl*(l*Ji**n6:t^«^, Aj&0>tt>fi-C, iSTC^^fcCu (I) fccfctfFe (I 
1) £J5/SLT. FentonjbfWot, ROS (0«;Uf. #£|::££1f0> 



(29) 



[00 6 1) 

(4) H 2 02/Rosii, fiftmm* h\s*n±\}mm®mz&\i 

3#l4tt«fc¥*8Jtl*, Zn(lI),Cu (II) fc^OTJSItA^T-fe*. 
$mm-?Z><DT\ X-/?-t^v KX*^>vt-t Lt-f >^-f fatilL 

mz. *ti&. &y a emx. eaBia^oHizisii^gii (d e c o 

rate) 

[0 0 6 2] 

»w& s d s im* u =f ?-o>M«« < c 

[00 6 3] 

(6) Apommw. »fcxhux©fi«icifittLr±»-r*ii^, h 2 o 2 © 

^m;lJ£4,£fc±^?-£<J: 9 H 2 O20)jiSA<, A/3lCi£&LT#3?KiS 
*t^*C, SOD10<fc5l: (Uch i da, K. fc«fctfKa wa k 
ishi, S. , J. Biol. Chem. 269:2405-2410 (19 
94) ; Atwood, C. S. , Soc. Neurosci. Abstr 
. 23: 1883 (1997) ) „ A0l£ % Fento nflWb^tJ: &lt& 

fci*wftw<pH202i«^ttKfci=j:oTam*ait*. ««*aitfc^ 

?*K*<»«L», J:y*&tJ8JfrttH202a«*±*L» tnMitfflfc&t LT 
. «fey ^<©Aj8fl)ttai*»»L, Stt©1M*JU**K (Frederiks 
©, P. H. b.J. Biol. Chem. 271: 10169-10174 ( 
1 996)). ««*aitfcAj80«»tt. ffi^b<Oj§^b*^©^®«)fe± 

A^a«*«)»tiizj:*mttatti©7S?*;uo±j«tt, 



(30) 



•>Kx*'<:/i>*-fcLTftifc£», Zftli, SOD 10) J: die, -£0J|igfc«fc 
[0064] 

S£±f$.LmZZt£iK%ltZo C+tli. ADlZfltSLfcflSKfclfSigfcX hb 
JS (b i ome t a I ) tM vXfi|^|Cjjt"^>|i^(Z«i: ■ot^l^gZ £;K 

lsXlZ%tl§.-f &J:5'C&<5 (Bruijn, L. I., Neuron 18 
:327-338 (1 99 7) ) „ 
[0065] 

a 0 1 - 42 i*. a 0 i_4o«t y tx-/«-t+v kico^tj; 
iftL^^ct^^;i«-r€.o cu (i i) zms. j:y^<<DMa)i§7c$ 

*V7=£JSfc«fctfROS;!><, A/?i_4 0 J:y : tA/S 1 -42lCj:oT±l^$tt-i)tt\9» 

m*. a/ii-^cu (id ico^T^rr *k «fey^t^m»tt^sn*-r-& 

(1 1) o WfcSl^*!::* MrfcM^fgfcftADggl*. T?Kh- 

i/X*5<fci;ig^L/cA^ 1 -42jftdi(7)^lzM-ri) (Wo I 02 i n, B. , £> 
, Science 274:1710-1713 (1 996) ) „ Ztllt. ii* ! 
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t££*i£<fc-5K, sodi zmmtzmiitttZo 

[00 6 6] 

>/<*ffa>«fc5l=. SOD1 (Bruijn. L. I. b. 
Neuron 18 (2) : 327-38 (1997)) fccfcl/P r P (B r o 
wn. D. , b * Proceedings of International 

Society for Neurochemistry, Annual M 
eet ing, Berl in 1 999; Brown, D. R. , b» Bioc 
hem. J. 344: 1-5 (1999) ) £fg£-r-S> 0 Cufc'WZnfl)^ 
ADffilZ&l*TmW*±VfoZ> (Huang, X. , b. J. B 
i o I . Chem. 272:26464-26470 (1997) .Atwoo 
d, C. S. , b . Journal of Biological Chemt 
st ry 273: 12817-12826 (1998) ) » fit, CufcJ: 
yZnroi/^/Ut ADffis0IMf::fcLvC^gK±^?-£ (Love I I, M. A 
. . b, J. Neurol. Sci. 158 (1) : 47-52 (1 998) ) 
o A/J'fl>$?*2»*— IfStttf. Cufcil/Z nlCfcoT&^ft&CDT?. Cut 
fcliZ nflJtS&fcTM***^*^ ADlCfcMt£A0<&&&fc<fctf;gSI(7)0573 
(cSBS£-5*.i#<& (Bush, A. I. , b» J. Biol. Chem. 26 
9:121 5 2-12158 (1994) ;Bush, A. I. , b, S c i e 
nee 265:1464-1467 (1994) ;Huang, X. , b, J 
. Biol. Chem. 272:26464-26470 (1997) ;Atw 
ood, C. S. ,b. Journal of Biological Che 
mist ry 273: 12817-12826 (1998) ) 0 
[0 0 6 7] 
(*E-f^->fc«fctXAi5i3t^) 

Bit. 2n(I I) (I5150//M; Freder i ckson, C, J. I 
nternational Review of Neurobiology 
31 : 145-237 (1989) ) tS&tfiCu (I I) ($$ 1 0 0 M ; W a 
rren. P. J. . b. Brain 83:709-717 (1960) ;Q 
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wen, C. A. , Physiological Aspects of Co 
pper. Noyes Publications, Park Ridge, N 
ew Jersey (198 2), 1 60-1 9 11) 0>9* , fi£&W<)U15'$ 

t?. zn (i i) fc<*:tfcu (in (omm^mt. mtsw&et* 1 ) -e*i 
-etusi ooofSfc<tt;^i oofgiu. ®j&m&mtm®n-m&to)m<»z<D 

££H*. cftb©£M^*>©Ey&*i::^W£Ri£Lf#. Sanan^^roz^ 

[0 0 6 8) 

AjSI*. Eftlz. 3*;U;^JgT-^fcJ:l/ffifa£$S£-r<g>o L^U C u (II 
) iCOI^TflAp'^CD&latSte, Cu (I I) ico^r<^Ai3i-4oa)miatt ( 
1. 5-2. 0 x 1 O _10 M) <fc y (2. 0X10" 17 M) Z 

n (I I) ICOINTO)^^ K<D^?Qt4l*^-ri» (At wood. C. S. , 
b* Soc. Neurosci. Abstr. 23:1883 (1997) 

H-efe-Sp H 7. 1 ^3 0%tfe4 (Yates C. M. , b, J. Neu 
rochem. 55:1624-1630 (1990) )/><. pH6. 8-C85 

[00 6 9] 

JM>Lfc*JH©pH(*. *fc©£flM£l?fcy (Ya t es CM, b 
. J. Neurochem. 55: 1624-1630 (199 0) . Ztll*. 
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mfo&X'$>v&&zk$$h>iz^T<, L^u .feym^iiHCDpHro^^oA 

frU CKDpHgtfHiCu (II) ,H^a>Bji£14li, %®MftA<D-5jm&£&7F 
[00 7 0] 

Ap'tf. H202fc«fet;cu (I) ££j£L#. ^ttbCOM^ *M£#14$&m 

su)ig&£%it£-e$>m : i-£ftm?&ztiz£?x. a ^tK'jv 

mittf. A/3U:J:6£<bLfcCu (I) fc<fctfH 2 O20>£l?!e££i;i#&C<t;!><$g 

#fflT?fe^>t LT^$*lf-^WM^*iT, Cu (I) fc^tf^C^OjgJg 

BM#-i> 0 

[00 7 1 ] 

«T0Z£j&<ftiS*Jl2FJhfc (i) ADlcMLfclBlcasifS* 
a©A/3»«j&<SiMSJ:t/tHfcl8£L-Cl*5Cfc % (i i ) AjB^^Ktt, S 

oDio»fciSrogttfca<a©Fe/cutts»ift<ba5catt**-rzfc, ( i 

i i) A jBi-42'** fcyfrtt»fciB5cWlcfil6tt-Cfcy % * LT0 2 £H 2 02l~ 

asf *«««twt«rr*;:fc, tiv) Ap'ssfciSTcsfcitosasuBiitM** 
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(a) A£|::J:oT±f£$*l&Cu (I) ZtzltF e (II) (DM^>$1* 

(c) oh • <D±mzv&wtt>mm &*v/ztzit 

( d ) imitM t L Xtefet %>A0 vm* £G§8 L £ 1***9. 
[007 2] 

[007 3] 

rot, AD^«ki;/^fcii^ro^ttO)tom*s<k^/^fc(i^R&icfc^ 

Stt*+BfL^-6«r&tf, ^©*«f* % 3T2(Dl8(ctt-&&*i. ZCt. H*«Jtf> 
, ttiMfc*l*ML«H*teA, "f SOD«0>A^SitA<M**L4, n 

[007 4] 

(a) A/8d*-y->^;u=aiiw*sB»i-r-5iS; 

SIS ; fccfctf 
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[0 0 7 5] 

AjStfCu (I) » Fe (I I) % £fcliH20 2 £&&*)l::±J&L*#£fr 
AjJ^Cu (I) , Fe (I I) , *fel*H202^M^WIC^Lt#-5^ 

i*. \s—*-R%%ftm, 't)\,xi&mm#f$. ztz&NBTTv-tj (g. p e 

t e r s <fc<fcl£M. A. J. Rodgers, Biochim. Biophys 
. Acra. 637:43-52 (1981)) Z t lZ& ot^S £*L 

^1 -2>o 

[0 0 7 6] 

. A0(z«fc£Cu (I) (D£i?!c££<b<*tH#, *LT»£L<teM'>£tN?h ± 
fB^&te, JUT : 

(a) mi ©a^>^u:cu (in £j$flD-f -SM ; 

(b) cu (!) ^^t^ic+^/.f^, ±tBmi (D-y->^$>r>+3.^ 

( c ) m20A^-y->^;nccu (in £&JD-f aifrefcox, ±tEm2 

(d) ±u&-\o-*i'7)i>tmm®. ±umz<o^>^)^^>^3.K-h 

■t 4I§ ; 

(e) ±iBmio-9->^;ufc<i:i;±iBm2(0-9->^;uc < fey^fig$tT,^cu ( 

I ) £>fi £;*5£-f ; fcbtflz 

(f) ±tBmi<D-y->^Uc,fcy£J5e£;h,£Cu (I) ±IBtg20>-9- 

>^;Kz«ky4j«^ti*cu (i) omtitrntzum. *a$u» 

J: y ±|Bm 2 > Zfn, t itm L fc±E* 1 ?;Hc J: y ± j£ <* ft 
SCu (I) 0>g0gg;!><, ±IB^|IWA/3lc < ):i>Cu (I) CD£j£££<b 
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Ml 0)A$-*lsZf)l>*P<DCu (I) (*)§<£ yt'>fc^i§£Kte, Zhlt. * 
toMMtfCu (!) ±f8.£%L'PZl*tzZt$:7jzto 
[0 0 7 7] 

t4Cu ( i ) <&fil*. 
^Kii^^iRilKiR^^W-rS. Iff; 

(b) ±iBmi (D-y->^;u0pii3fe^fcj:i;±sam2a)-y->^u0i!ftit$$;|i|^ 

(c) ±temia)-9->^ufc<kt;±iBm2 0-9->^;u4'a)Cu (i) <Djlj££ 
, (b) -Cf#fci!R5t$^^fflLTgaif 

[0 0 7 8] 

»*Li*»K»ttf::fcivc, ±IE^b81l*, /^h^o-f >-x;u*>® (b 

athocuproinedisul Ionic) (BC) 7— ^>T?fc£> 0 H 
2 £#880) ;:«!:. *ivc, A0l::J:oT£j££;h,&Cu (I) (DgJgli, & 
4 7 8 nm~#j4 8 8 nm, <fcU#3;L<l*, & 4 8 0 n m~#J 4 8 6 n m, 

o A£I3\ &&m-$>®^0>Cu (II) 0^*D(D(SlJE^IwH2O2fc<ki;Cu ( 
I) Z±J$.t&<»V. BCIt Cu (I I) <D%mW.iklzJx.!tmz'MQ£il®% 
. ^>:?;U4^gfi)t£:h<i>BC0);tltli s Otf MtifeHOOj/MiO^'efc 

y. £y»£L<i*. &i7 5//Mt^3 oo^MtoRfk y#£L 

<li. 5 0/iM£#J2 7 5|/MiCDP B Tefc*o gttf* Lt^Uffi^SlZfcL^ 

r, ^>^u*T-ilj&£*vSBC(D^jgi;j:, #j2 0 0 u MT?fc£. ii#L 

ii, ^An$Hi)BC(^;ie$§gic^bL^. cttl*fflfflW<fHKrcii^i> 
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[0 0 7 9] 
[00 8 0] 

tzit^mz&^x&m£h%mmo>mj£o)tzto<Dy58t\zML. zzv. ±tmm 

It. AjSfCfc&Fe (I I) <D£.tflZmtttit'&. *LT#*L<I* % 

(a) i1(DA^>^;U:Fe (III) &%MthJ3i ; 

(b) Fe (I I) tf£|j£-f £lC+#fcB#P B «K ±C»1 o-y-^^u^-r^zL 

(c) m2<DAiS-9->^HZFe (III) £)3i;)D-f &IfI-efcoT. ±E» 
2CD^>70U#£blZ^II$£#iL\ X?l; 

(d) ±tmi<D-*>7)i>tmcm$. ±t&m 2 jizh-^d.*- h 
■r^xs ; 

I I) <^a^^-r«>XfS ; fcbtfIC 

(f) ±ie^KD-y->^;n4iic#s-rsFe (in <DM^±iBm2o-9->^ 
)i>*\zn&tz>F e (in 0>fi£tt&-f &x*§. ss^u 

* tile J: o T ± IB* 2 > tttt&L 7c±fBH 1 0>-* > K#£-f S 
Fe (II) OmommtK ±tifctiimm<AP\Zj:Z>F e (II) 0>£jj!t££ 

<b$-t*fczt£*-r<, isas. Fe (in 0fii4. mi <7>-9->^u*<ty : tm2 

<D-9->^7H*'-ce<, ^(DZtli. Z(7)HSIIA<. Fe (I I) £j££&'>£ti-fc 
[00 8 1] 

Fe (II)I3U L i ne r tb, Biochim. Biophys. Act 
a 1316:160-168(1996) 0#3fc»lJ6ii SfflHTfcJfc* 
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[0 0 8 2] 

W£U*H$gJf2<£l::fclxT, #£-f£Fe (II) 0M.lt. ±B0)Cu (1) 

LL^b^Jli, /\h7i^->hP'J>-X;U7n>^ (bathophenant 
hrol inedisul fonic) (BP) T— j->XfoZ> 0 <fcL*T% A0 
IC«fcoT£j££*l£>F e (I I) -BP<D;lgli. &5 3 0 nm~&5 4 0 nm 
. «fcy»*L<l*. 8)5 3 3 nm~ifa5 3 8 nrru fccfctfUtW^ L < lis ft 5 
3 5 nm0)-9->^KDI!R^lzSo*L^Ti+g$^^ o Hi&W 2 to 
A /SI*, 5l£;g£#3^<D F e (III) <Z>^*D(7)l5lJiI^fCH202fc<fcUF e ( 

i i) z&mtzov. bpi3\ Fe din <Dmm'&izjRfomz%Mi<ft 

-9->^+T*jlfiE£;|x&BC(D;lJtl£, £)1 0//Mi^400i/Miffif B 1 
-9->^U*-C^fiE^4x-SBPO^Jgli. i^2 0 OuMX'hho %f&. % 

%mztiz>BPO)^jk£®%{zmmtLm. ztutmmtoKmmz&g 

[008 3] 
[00 8 4] 

u^wmmiz^x. *%mt. ADti&v/ttzitzofctfKD&mts&it 
/ztzit^mzti^x&mzKzmmamjzntztotoJimizmL. zzx. ±ib 
mmt* A0\z£z>H 2 o2<»&f8.£mt2i*mz>o zo^mit. jut: 

(a) m 10 A )HCCu (II) £fcliFe (III) ^^JD^^X 

fi; 

(b) H 2 o 2 A^fiE-r^ic+5}-^r B ^ ±iBmicD-9->^u^'f>+i'<-h 

(c) m2<7)A/S-9->^UICCu (II) SfcliFe (III) £&jQ-f&I 
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( e ) ±E* 1 0>-9->:7;Ufc<fc tf±aB$ 2 G)-y->^UlC J; 9 £f££;h,-& H2O2 

( f ) ±tam 1 0-9->^U4'IC#ffi-rSH202(DS$±iBm2(D-9->^U(f 
#S-r*H 2 02©MihkS-ri>Ig^a^L, 

H2O 2 OM0)^m^ ±IB^HWA^lzJ:^H202CD^fi£^^b$-B-fcCi 

X. H 2 O20fil*. &10V>7)\,ip&V : bmZ0-*yZf)U'PX"J>UW o 
[0 0 8 5] 

^J&^ft-S H2O20Mli» CJ?L(#* PeroXOquant Quant it 
ative Peroxide Assay (Pierce, Rockford 

. 1 D zm^x&j£2*imz>o 

[0 0 8 6) 

t i^mmrmz^x. ±um 1 o-*>-?)\>n*v±tRn 2 

(a) ±iemi (D+#->^KDmi<D7'Ja-Hc, ±SB-9->^HcJ:y^fiE$ 
^-l)H202^^/i-ri)IC+^<j:fi-e*^7— tf£s&J)D-f £M ; 

(b) TCEP£. 

( i ) ±12311 (D-9->?;KD£l (DT'Ju-h ; 
(i i ) ±SB£1 0)-9->^K7)m2(D7'j3- h ; ti&V 
( i i i ) ±IB^2 0-y->^U 
ICjj&jD-f ; 

(c) (b) -Cttfc"* ±iBTCEPA<±|BH2O20)-r^T^liS-r 
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(d) (c) T-^fc-9->^;HZDTNB$^D-Ti)lS ; 

(e) (d) X>'&1zV>7)\,*. TMBrt^jrr^lC+ttfcftP^ 

(f) (©) vmz-*yz?)i,o)i&itmzm%thj:& ttwiz 

[0 0 8 7] 

tf^Ll^ltfi&MClfc^-C, TMB(7)l»3t$li, 1$ 4 0 7 ~&4 1 7 n mT'M 
[008 8] 

mnmmmmtfmtinzx? >j-->^$4x#^ z t £ m&\z? ■&„ 

[0 0 8 9] 

(b) a $ mmzaimizt ziz+xttm^ ±um i wyzf^zj y*?.* 

(c) m2<DA/3-9->^Hz±IBSI<bil7cSf514^Jl^^-r^XS-Cifeor 

. ±.&mz<j)^zr)[,tfish\zmmtoz<kt;. xis : 

T £lfM ; 

( e ) ±i3m 1 (D-y->^;ufc«k tf±is& 2 0-9- > :?;KD&*fr <s> 7 U =»- h £ 
Eyas-rig : uhxs\z 

#££&3t-r*ifi. £&^u 
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[0090] 

ff£LL*H»^-tM*. Iff (f) izfcl^T. ±femi0>-9->3OUfcJ:l/±ffi 
[009 1] 

\t^m*&tzMzGmtmw£®)%toizm%tztztoiz, amommts^m^ 

[009 2] 

LKlts &&*tzim££H'$Zfr : gfr£}kfc?Ztz#>lz^ ZbttZX?*)-- 
^?*$i\mb e Z<D£?ti:Tv\z<<lZ\t* MTTTvk<<t><$&tl&tfZ*Uz 
MfcttlUl^o Z<D7vi>'(lt % £fe0>*)U7'./> (f ormazon) ~><D3 
- (4, 5-v>^M^7l/-;U-2-'OU) -2, 5. v7i-Jl/f h^VU 
OA^PS K (MTT) (DM5t$mj£t & (H a n s e nb. 1 9 8 9) . ft8 
«!lil»^**l&L^ (B u r d o n b. 1 99 3) A<. M T T ii7C<D£^&S|${ili 

b*lTl\& (Slaterb. 1 963) . 

[00 9 3] 

ftffMfcT-y-tr-ri*. «A>broflift Fo^tHf (LDH) 0)jftiiJ£;JM 
(Choi, 1 9 87) „ MTTiWSl*. ±£ Lt, m^fcggKD 
®IISSji?£®LTT*ifc6£#*b;h.Tl^. m3a>T-y-b^l*, MJ/O^U— 
i ve/Oead Euko Light Viabi I i ty/Cytoto 
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xicity Assay (Molecular Probes, Inc. Eu 
gene. OR) Cu (I) . Fe (! I) , H 2 02* OH • 

tim&mmmizit. amtsxTHsntm (man. ?y t*®rtmm-3.-n^ 

[0 0 9 4] 

ftot. *fgB.flt*£blC, ADfc*i;/*fctt*©g«a)«l«fcJ:Ut/*fctt 

^mizti^T&mzhnzmmzmzthtztbtoxmzmL. zzv. ±tmm 

( a ) m 1 ©SBflS^g^IZ A £ £3siD«Ifl ; 

(b) m2<Dmm%mmzA$£%iiia-tz>j:mr°ib^T. ±umza^m^m 
( d ) ±um^<D^)■y•?)\,o)A$ onmnito <t tf±ism 2 a>-9- > 

;u*0> a $ ©ftlg^tetf) L^n^fctg-r £x?i£££ 

[009 5] 

±&o?smw?KMzti^TU®t5nzm&mMt. &m\zt>tzh. zo^ 
oummizit. Ap t<DteKwmiz-D^x&®i£tzim<Dmm*iffe&£iiL%?z 

Bf&lcJS^U * LTJtoMBin (BBB) $««J-Sjllii!g^t>©ffiia<D«l2llcia 
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^T^^^X, fc£l/EDTA (Ifhi, N. N' -1, 2 -X* >v-OU t* 
X (N— (*^;H*v>^U) yjv» (X^U>v>-hP) ESit& 

Merck Index, B1 O)&0)X> h 'J — 3 4 9 0) «felX"^"^T{D E D 

i|-7K^) .Merck Index. ^1 0)!5©X>h'J — 7 2 6 9) ©<fc5 

fc. sfs^+u-KLi#i)^mw^+b-h) . &e,i;ic7-f^ 

ftJKI*. /^h^P-O (b athocuproine) 'ifij:tf/^7it> h 
P'J>(bathophenanthrol ine) A<#**1& 0 £ b&&l£$ 

)Ut*>SL hPD-^x ( t r o I o x) . fccktXKa^xP— ;u) fl)J:3<P, 

[0 0 9 6] 

a^0)J5(&ad1j5©pHA<, »* L < l*«ttlcifit\ tot, f©pHI*. $tj 
6. 6~Sft8£T'. »*L<tt» 8)6. 6~&7. 8 *-CO)ttHlZ*>fc*. ft£ 
#£Ll>pHI*. ft 7. 4T-fc<l>o 
[0 0 9 7] 

*SBWf*. »2 5^~mo^<Dt6Blz:bfcSMT?Sfc*:M9*. #*U* 

Sgl*, £j3 o°c~£)4 otrefe*. *HW0HfiS0fc*)lcSt»*.Ll^jSSI* 

[0 0 9 8] 

**W©3firftlCte^Tttffl**l1»*ll«aiCtt, Tr i s-JSi*. Tris^ 
-X. MOPS. HEPES. /<-T*— K ^b^X;-$. t$*lf$<(n- 

mt><$*ti%&ztii>\zm&z*iti:i\ 0 mm&a&mt* omM^so 

. fcfc*mmLmz>z.£z>b\z'8it)t4.nti\xts.t>ts.i\ 0 zom&iz&ix. pb 
si*. *MBwiD , ,&zt$itz>&mo)tztt>o)&ZLi^mmx-&ztf. mom®®. 
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s 1 o tkftTX'&m £ tins* 

[00 9 9] 

Cu (I I) 14. AfltfCu (I) ££iTf &fc&K£!£;l£&4MC??SLk 
<Tlifcbfcl\, Cu (II) Z<Dgft$MtzttzMZ&m£tl 
%h (CuCl2» Cu (NO3) 2fc£* < ££ft£#ZftbK|g£$*lfcLN) o 
ftOSfttt. it£)l //M~#)5 0//M^r-(D®ffllzt5fc-5, #£L<I* 

[0 100] 

Fe (I I I) It. AptfFe (II) *±fiLt •5fcftlCjgf5?1^4i|C??S 
Lk<-CI4fc£>fcl>, Fe (I I I) (7)ffiS<0^<, C<Dgtt£jSfc-f fctf>C:& 
ffl£*t*#3 (FeC I 3^f*<^^i»A<Z^P,fZ|l^$^^) o &0>5!jgtt 
. tfclftl //M~*55 0|/M*T*(D©Sl^fc^ o 8F£L<I£, H$1 0// 

[0101] 

gHt^7c;lSt4£Jl (redox active metal) (MtLH. C u 
(ID *fcliFe (I I I) ) li, Aptfte!&mzH202££.l$.tZ>tztblzEL 
£S£*B*f=#aLfc<Tlifc&fcl*. Cu (II) <DfflO)lgA^ Z0!>g#£ 
mtz+tzlhlZ&mt<tl®Z (CuCI 2 , Cu (NO3) 2<f^* t ^**l***^*l 
bfCjfiSStlfcl*) . ^Iw, Fe (I I I) ©ffiSCD^, *Mmz'llt'3X&. 

mztimz Fec 13) „ $fc<fct/&0>ajgi*. o>^<it^i //m 

[0 10 2] 

A£KJ:&Cu (I) n^UH 2 O2<0±mt. ISlJ^jlJt^^ US. 8tot 
.ItfcCu (I) £fcliH 2 02a>MO);l!l£li, Aj3IC*t-f *>Cu (11)0 

[0 10 3] 

mmz. A/314, £j£;1£$)lrFe (III). ^3J:lX^lCf5i:rZ n (I 
I) $^*0Lfcliim^lCH2O2ft«fci;Fe (II) Z&tfLtZo ftoT, 4/$ 
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LfcFe (I I) £fcl*H2O2<D^J!0$i|£li. A0^Fe (III) £&AOL 

5. 

[0 10 4] 

Tx-ftt>tix. m&<D&m¥tfiftmi}m®iz®Mztimz> 0 mj&©j:?i^ c© 
i\ zo^m^^mt. m&®mztim%t)\ ztzimi 1, ooo~&i 

: 5 ©£]£-?#«? £*lf#£o 
[0 10 5] 

*fgW©7y-fe>f©£-*ld\ JMSWfZli. *V MDmmizmWXfo&o C©J: 
Hi, 1otl±OA^¥K (flu*!*. ^n.-?fc£*) 

£#t,\ fjn^tf. *wMi5&iz&i\x&m2ixzm*<Dmg.<»um£$t;2 b 

Cu (I I) SfcliFe (III)) ©ffl*$t?A4l*¥S4<mtt**l» 
ho 3g*ffl2lziB«**l$J:5IC. Cu (I) £fcliFe (I I) ©2fc 

g©fc©^ffiffl**l*»att. CB7-t>J3J:i;BP7-t>^ 
n*l=, HJfi«2lcSBK**l*«l:9l=H202©^©fcftlCffiffl$*i 
*S8}£|*, TCEPfiitfDTNB. tt&tff=ft*?— If (»10U/ml) $ 

#£L<iii£n o~&2 5jiM©as£?rrsjK £fciic:©'"??3 1 Kj&<*©& 

*a*asai-r*ziiz*yc*ie,©ajsicpr»fcaF*L^sfii?iitt*n»*. # 
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[0 10 6] 

( 7 )l V / \ 4 -7 -m <fc tf/ £ fc: te * (Dg^CDtoM) 

mm*. #&pw, r>mm. jrt. iraa, ne 

vtik^z-D^xit. mms&mmts ^m^mz^m^mu^^ >jt («* 

BSft, #&&ft£*:l*x7A^3>) title, ZflJ^fc&ms&gil-*, 
^#lcStt$tit#S, ^PtfU>^'Ja-;k tK'Jx^U> 

(mi*, . fc^t/aim^fc^xx^i, ( 

fcl N 'C$iHft£ft'5> (Remi ngton' s Pharmaceut i ca I 
Sciences, Osol, A. . g§. f 1 8 fig, 1990, Mack P u 
blishing Co., Easton, PA £ e^fc) o 
[0 10 7] 
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. 7i/-Jk y;uf>K, ^^□■9— )\,t££) rc«ky t,fcf,^^-5o £<0> 
7 'J >87;u 5 Afc^rj-tf^ » *««1»+T?ttffl"r * c t iz& ytfcf, 

[0 10 8] 
[0 10 9] 
[0 110] 

it&o-km** >)7$m^Ti&ai9L$ztim$>i)\ ^tzitw^tzimma^^ 
yijy-bimtpizmc&ibiitinziJK m\\z&mzti'inz>ii\ ^tzit-km^o 
■k&izmmmfr&ztimzo mnfsm&s-izmLxit. mimmit. mmmtt 
tizmft&zHm. *Lxmwzjmu&M. an&m. hD-f, 

tzi&imto&Tsmw&iz. ^--^vtv^ izt$i\xm%zhtz'j>u< t 
tm 1 nm%<Dm$\$$t\ m^ma^xsm^om^it. i,*>z>/»&nm. 

mmum^mz^ssmta^ <)7tt tizisLmm^mx^rnxmrn^-D^j 
m&}&5-o)tz#>izm£t<*inz>o zo^mmit. mz.it. m%<o*zm. mm#m 
x&vfrm. temztizizmm. mmzrt'oxi^mm. ctufcttif) . mmo 
&&v&mz*iz>ftmo>mmo)& : ?ti;m : ?-iztiift?h 0 &m&&vm%K» 

nS-lZffl-tZZbU&ftffit. &<0)imffi (Rem i n g t o n" s Pha 



(48) 

rmaceut ical Sciences, Osol, A. , f§, % 1 8R5, 
1990, Mack Publishing Co. , Easton, PA 

t?) Kfc^-cjiaia?*i$s. @^<Djfifi£^(D^mfiii. w«^>t't:t 

[0111] 

*%m<o%m®mm&Mmz'Di*TO)n&it. (a) ^naws^r 

(b> *wmmtpx-mmzm 
m$*i%*oiz, £ft(»mmftBzmu^tzmmft&zmt%&®®mmzt$ii 
%&m<ommiz^x0z<D&ote%&wM£mfsTh&ffiiz&ii&mm<DMm 

[O 1 1 2] 

KM. *7i>)\,MU£lt*tz. *W®m*X)iiTlz5\m£ti 

*?xui-ttii*. &mm&<otommmz&&tz>tMzn&L®z>o man. 

X. ##8J<tLT^;ufc«fctf:?Ptf;U/<7'<>, ft*. 

z®$it%mz&mzhz>&nottmt. mnmz$mx*&v. *Lx&mz*i 
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[0 113] 

r©'»», tiMMti*vftMm* mmu 

[0 114] 

Sb«B (0>J*tf. t h) VfoZ* 
[0 115] 

»T©Htt«l*. *36l8©^©»*Ll^*»IS**€>lcgEtt-r«fc«>l=« 
[0 116] 

(Sl&fll : Ai8©«»»ttpHttS1t»*) 

(a) A07. h'y^©HSI) 

«fc l/W. M. Keck Foundat ion, Biotechnology 
Resource Laboratory (Yale University 
.New Haven, CT) l=*3M#tfl=<* y»«tfl*fc. tstfLAP^Zt 
f KjIStS — ;U (S'JQ* (Mi I I ipore Corp 

orat ion. Mi I ford, MA) tp30%) £fc(*2 OmM H E P E 
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S (pH8. 5) IC. 0. 5~1. 0 g/m I 0>^JgT?>tfl?U f Lt10, 0 

oo g T?2o^ji.D»iiLfc, nt>titz±m (xbv<?Api-4o) zm&siz 

mT?<&UV#3fc;i£fcliM i c r o B C A * >A>?ff7 vt><( (Pierce 
, Rockford. I L) lC<fc y jfe5t Lfco Micro BCA77t-(J1 
0U I CD* hy* A 01-40 (tfclW l >M7/l'?;>P) * 1 4 0k ' 

SfctoCD^tLT. BSA^fflt*, Aj8t-40©;*iS^^ B S A0>^i£ffif£ 

2 2 //m7-f/^- (Gelan Sciences, Ann Arbor, M 
I) £i§LT*li/aL-C, fff©^©iI^i£Lfc„ ^T0)^JH'^>tt. fig 

[0 117] 

(b) 

A^i-40X h'V^£, 150mM NaClfci^ZOmM ^'Jy> (pH 
3~4. 5) . mes ( P H5~6. 2) £fcl*HEPES (pH6. 4~8. 
8) <PX*. &m4*>$><>)£tzltU^X'Z. 5//M|C#|RU O+a^-hL 
(3 0m 3 7°C) » *LT8«D#» (2 0m 10, 0 0 Og) Lfco ± 
,lt*a>*://^H0>S£M i c r o BCA^>/^M7^-tT<I^J:y±ie<7)ck 

[0 1 1 8] 

(c) «7 9-fe<r) 

Zn (I I) «rtA0i-4O**tfTOtt*fcSO>l=*fU pH5. 5lcj:y» 
»LfcAj8i_40**l**TOtt-C*ofc. «ot, HSIJCu (I D/pH» 
^A^i-40»**^tt^*** % 5* x **S-r*/i:»l=lTofc. pH7. 4T»® 
Cu (I 1) ft*ttA# 1-40**1*. EDTA + b-Hbfl&lCliW&ttTfco 

#^©*fc«:**ii--r^;ucHLT, **#i0%£«:iiqrsibiza*ffim 
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tmz&c. fr-DAPtf. cu (i i) mm&mm/ ed TAn*i%itiz$iLT 

o 

[0 119] 

cu (i i) mm&AP%mo)'5i&&£m&tz>tz#>iz % 2 sum a^i_ 40 

fc<fctf2 5#M Cu (i I) ^ 67mM 'J >&|f@>$. 1 5 0 mM Na 

ci ( P H7. 4) tpx-msL. *Lxm&mm£i »p B ni?4isiffofc 0 git 

It. 1 OmM E D T A jfcfcli 1 OmM C u ( I I ) OT l J =>— H 2 0 U I 

2#fc^fcf£fc£ZlC'7i;uic3sioL. 1 ftNHre* t>lc4{e)II!*<t y £ff 

9c aa©EDTA»intej:i;jSjsa*i:y©aiz. g&eo^t y«T3iw= 
(3o#ibl 3 7°o £DbHic, ^jn'^->fey*fcii^L-e, A0i-4O*h?9 

?20mM HEPESHi. 150mM NaCI ( P H6. 6. 6. 8£ 
fcl*7. 4) *T-1 0//M (3 0 0 a/ I ) I- LtzZ t £Rfel*T » H u a n g 
J. Biol. Chem. (£* Lfc) lz<fc y fE®0)J: 5lC(rofc 0 
[0 12 0] 

pHjWi&LfrCu (II) gS^14Aj8 1-40^*0) RlJ£1t^. -f > tf/KT'Jiaj 
£;Mff&H + j§j£t£{ii£;rf 7. 5~6. 60 p H©@£ffll*T)SJ£!t<fc l ) 9F£ 
U: (@5AfcJ:i;5B) . 10//M A 0 i-4()*S<fctf3 0 U M Cu(II) 
£6 7mM 15 OmM NaCI (pH7. 4)*T?;I£L, 

If. -e-LT7. 4lCSi;±lf/=o £J££0pH — (La z a r 

Research Laboratories Inc., Los Ange 
I es. CA) Jll^-^-L. *LT®Jt£3 0#Pi3£T?5#P B mct&?f 
b/:, C0>1M*^£3l5IE&Lfco 
[0121] 

pH5. 5-Z&m2tltz*pl£&O)A$]-40®&tltm:te l ). Cu (I I ) §S 
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m&A 0 ]-40&mit. 7. 4-6. 6 0)ffiX-pHtf£MLtz®£. 

T'fcofco P H7. 4T-(Z)Cu (II) §|#&A £ \-wmm<J>m&1* 

«T^U-h»J (EDTA) <DmmV'(<7Mz£V£HLtzZt£iFto El 5 B 

tt, p h^7. 4-6. e^-ca^-r^Ji^cu d nswttAiMoai 

<b (SiUpH^^K9 (±g^MKS3fc [H + ] iz^Jt-T^,) Mr* [H + ] £ 

it cu (! i) ow&tv*-?? Fomm 
*tzttn-pi%itz*jmizt$>. cu (i i) &£n&itA0<j)mm 

& [H + ] fcWCu (II) mSlt'tfb^lC^t^S^WlcS^^pH^-O 

6. 2-8. 5) ICfrfcSA/^-wro-jeOZn (II) i^^m (fc«ti;$ss 
) <tit®Tf (Bush. A. I., b. J. Biol. Chem. 269: 
12152 (1994)), |§«fc®tt&#T-C(DC u ( I I ) ISSflftfllifc 

[0 12 2] 

(d) A £ MO&Jftfta>ttS£0>ft&3t2B ( i mm unof i I trat io 
n) fcffi) 

A £ l-4()(D£g!£M;!£ (8 0 nM) 15 0mM NaCI, 2 OmM 
HEPES (pH6. 6^f=l±7. 4) , CuCl2 (0, 0. 1, 0. 2, 0 
. 5fc,ti;2|/M) ^tff^lOOnM BSAlZ^jDL, HtOti^ 
-KLfc (3 0#|Hk 3 7°C) . fcivc. £l£;g£& (200// I) £9 6^i 
JUEa s y-T i t e r (§^i§^) EL I SA (gitgjjf) y^fA (P i e 
rce, Rockford. I L) ICKiilL-, f LT0. 2 2 mif&-tr;UCI- 
(MS I . We s t b o r o. MA) £i§ LTiSii Ltz B ,HmLfr 
8*£*>?lx>lcHSL (0. 1% ^^tT/l'ft K, 1 5#) , $Jgtfj 
iC&jfU tnA$ mAB 6E10 (Senetek. Maryla 

nd Heights. MI) X'Zfa-7Ltz e ^Ov h££#U fLTEC 
L \t^%%UM (Am e rsham, Buckinghamshire. Eng 
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land) <J)n&TX'Z>4)\,l*lzmLtz 0 M^-vh^bECL 

[0 12 3] 
(e) A0£jiJi£EL I SA) 
64culi2EHfflfcj|cSat$i (t 1/2 = 1 3^) T'fc-5(DT', £JliiiSEL I 
SAT-V-b-f ^ffll^T, Cu (I I) T^jlL/tT'T^P^'r^-^l/— h^0> 
A/5i_4oO)Sx^«T$ft-ofc. A /5 1-40 (1. 5ng/-)iJK C u ( I I 
) 3— f--f I/^T-OB*^* — h (Xenopore. Hawthor 

n e. N J) O^i^^T*, Mo i rb, J. Biol. Chem. (^Lfc) 
l=*ye«**iS«fc5lc % $Mg;!Jt(&Cu (II) (1-1 OOnM) tttlz 
-f>+a^-hLfc (2m®. 3 7°C) 0 >UOT<D3£ y <D 'J **> KSSSSflft 
£ % JftA # m A B 6E10 (Senetek, Maryland Heig 
ht s. MI) ttt,lzm%T—fo'(>*i.'<-htZmiZ. Tr i s 8«<b± 
Itl* (TBS) $><J)2<X>-\i = j=f-^X'?Uy'? Ltz (3B$PiJK 3 7°C) . -fe-f 

^— 3. 3' , 5, 5' -fh7>^>vy> (SPSB/ 
TMB) m®fettt,lZ3 0#m<(l'*D.'<-hL. &l^T2M tiimZmQL 
T^tllLfc. f&t/t^0)mm^4 5 0 nmVmnttzo JS^^®3lZ*-T. it© 

[0 1 2 4] 

MotfflflCj: y % Aj8 1-40#'J>& < «!: t 1 ^G)S^|0^, taft^I^* Cu (I 
I) $S£SUft£*ff £ (pH7. 4T*Kd = 900pM) (03 
).Cu (H)ltZn (II) mtt»R««^d«<(^ (Bush, A. 
I., <b, J. Biol. Chem. 269:12152 (1994)) (Cu 

(II) A^&LfcZn (II) £Bt&;bbfcl^i£?Ff ) 2 0©SiJ 
<i(D#S^ai(5^«E-rs«k5-cfe*o croctii. ±fE<z>tli (c) te&UT 

mom (h) ictBe$tti><fc9ic % m^-s^H'f^-xDpHaisiifccfcUMs 
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[0 12 5] 

(f) 7t&.<r)f$a®Ufr*><r)A0<7)§tm) 

(o. 5 g ) om-m®** ti^u-h^u^i^UTBs ( P 

□ — ^Utfift (mAB) W0 2^T-)i^^?n^fO^:<k t J A£# 

= 12tb&) ttt&Ltz. AD-9->3f;HcfcLNT±>fffi^ttaiLfcAi8CDM^tt 
ST^ftaM^lSS^^^-rc N, N, N ' . N' -^h^** (2-tf'J^U- 
pt^JU) Ifl/>v7;> (TP EN) (5/tM) f*. ^MISllSi&iS&ICfc^TJU 
BUlC^^FttTLN^^^U^ MbA£<Dlft00>nrtjHt£TOlC?- & (18) „ 
[0 1 2 6] 

Rohe r *J<ti;^S9f5S#btt. gifi. ADSSJKMI^fc^TjJt^-r^AjS 
(D^gU»^7KlCpT^b^tlf#^Ct^^Lfc (Roher, A. E. t>. . J. 
Biol. Chem. 271:20631 ( 1 9 9 6 ) ) „ -f >t* h PfcljiC&Bg 

Bmrnrnftttfttzk. mm. mmLtz*is-mit. m^tzimiznth 

StlWtffe^o -tttlC^LT. EGTAfccfct/EDTAIi, fc£ y < 
£*l.£Ef«W;r>fc«fctf$f*:/ (5~50^M) I*. A/5(D[slJ|K (Ztltt, M 

vsizmztt&ztiz) zmikzvztf. A$<D*is-u&itm&wz%iiiQLm 

StlfcCa (II) ft&lfMg (I I) I*. ZtlZ>0)±m'(*>tfS "J^UjgJg 
[0 1 2 7] 
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IZ& U , C u «fc If Z n U- h?WK J: IJ A 0 £ £ 1 ClHftfiltb £ *t£ c t *< 

Z n ij £ tlz£#$tu * LT F e *,*tz**ft&Z. £ £®< 
[0 12 8] 

[0 1 2 9] 

(g) ^KcfcSAjSSMi) 

Aj8 : A^i_40CDCu (II) ^SDSitt/J"iJi7- (2. 5//M) . 1 
50mM N a C I fcj:tf2 OmM HEPES (pH6. 6 % pH7. 4fc<fc 
tfpH9) ZnC l2ffcliCuC l2^. #£-flC. 3 

7°C-C*3 O^^a^-hLfc. -f >^aK-«>3>^ &B.m%a<D7 U 3 
-h (2ng(D'<^K) OBI, 1BI, 3 0 g fc<fci; 5 B g ICJjXH U 
^LT^A/S^E/ ^□-^Ufii{*6 F 1 0£tefflLT^ i h Lfco 

fc. cfeyillffllwli, Cu (II) (2~30tfM) It A /5 (D&%$£ate.O)$' ') 

a;nf>lgli. A)3^^j|i|WlcJnji-ri.o cro^tli. &#lcj:acu (I I 

) A^cu (i) ^cDis^^u A/j©^^e$tt©as«*jei^-r 

(I) H/KfclCj:*. t KP^rV^7^*;UO^fi)tlCj:oT 

i^^4:«!:^t4 (09) „ -5ix$>^Q7h»WJI()), 3M§0># 
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[0 13 0] 

zn (i i) fceki/cu (in iz£&Afi\z*r?&%m%)%it. mtoizmtz 

£#3o ^*lb(D^#14SDSiiSt1iy-r-7-li, Roherb, J. Biol 
. Chem. 271:20631 (1996) IZtmZtlZtOtmQUtZo 
[0131] 

(h) £{*&JS (b i ome t a I ) J:tf p Htt^iCD A £ »«) 

A^*»«lc»r<5Jl<j:«MfeJ:i;pH<Dj»**jE«lcS«ft-rSfc«!>C, 
£/£t hA^i-40 (2. 5/uM) ^I-ft>(D??lET, 8^(DpHT'3 0» 
PSI-f^a^-h (3 7°C) Lfcc fffcJlfcJaJIHbtt*^ )!'£>^StlC<fco-C;t 

»*#r, ca>±/H*©pr»ttAi8i-4o«>as*prii6iwLfc. =*i&®fcirFT? 

^■TSfcttlC, !_40^. M^Lr, Zn(II) (10 0// M) tftlC 
. £fcl*Cu (II) (100//M) pH5. 5-C3 0^Pb1. 3 7 'CT 

4 h Lfc. Kitsd«$. io. o o o g -cti^a)M« ait>»»-r 

S*\ 1 0 0. 0 0 0 g l? 1 fiHSJ, 8>I<C>#8f£ Ltco B 1 it. BLZM&to 

©aH>»»ttl=»»"rSpT»ttAi8i-4o0Wft*^f . ^Tflx-* ¥ 
1^±SD, n = 3-Cfci>o 
[0 13 2] 

A/S0N*sihV-f>rta>3>7^— >-S/3>*<bi*« [h + ] shot* 

CtlZk-oT^^Ztl (Soto. C. b, J. Neurochem. 63:1 
191-1198 (1994)), ZLTmcmm\Z&m (Zn 

K>-f>a<«-r«. ft?t, «-fjf>«»ttoA0»»ic»-r*pH©*ji! 

fc&afcK-f PH6. 6, pH6. 8fc'J:i;pH7. 4t?-f>*a 

*-hU (20», 1 0. 00 0 g) . C:*lfc<&f££ 
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[0 1 3 3] 

mm<»i%mtLxmmm%. (turbidometry) £&mLTmt>titz 

&m*. H2 Afc<fcrj2CIZ^-r„ Ztlt,0)T-*\t. Wlftmti^ pH6. 6. 
P H6. 8*JJ:i;pH7. 4 T\ ^JH'^>^^t;J5lt./ : l^t#JH'^->^^ 

[0 1 3 4] 

>(DpH7b^^K(DpH (pH&5~6) lcifii5<i§£lc % SH^RST*-*;: 

<t£*t\> pHA<6. 2j:UiEt^ii^, fEfSI*. ZO^Zt? K(D40~50%© 
£»£RarfS. LfrU pH^ 5. 01iLtO>Ji£s Zn (I I) li, A$0) 
^8?l£lcftLTIi:<!:^l*#£££fcl,>, pH6. 2£pH5. 0 £ (DfajTMi* 
Zn (I I) [H + ] (O^^mi^DWTrtt^^o 

[0 13 5] 

vXt$ADllKlCfclt£) . Cu (I I) tf % *a©3>7t>->3>v7 MZ 
*o-CAiSa)S**Ml=S»-r«Zt$^-r Q Cu (ll)tt, A/J0)»»|C 

X'Zz.&m*®&tz>, a $ ommm&mmit. adbs<dtvk-vxcd^ic 

EBrf*. pHA<7. OmTlC^T-r-S^^IC^i:^ (Yates, C. M. t> 
.J. Neurochem. 55:1624 (1 990) ) . ZOmz&tf&m 

R9l&j:3c, ^*><fet;s^iciss**i§*^ Fe (i i) ^ tmtmmt. 

Z>UMfiffe}} : £&&tZ>Zt$:7jiLtz (Bu sh. A. I. f>. Science 
268:1921 (199 5) ) e 
[0 13 6] 

C*l*(D*S£li$£>l^ [H + ] iZk-oXtZmZfttzA PlZ&li Zt>-ffy>tj;z3 
>7t^->3>M^ A^^^CD^Jl-f^^ (4#IC, Cu (II)) ttoft 
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V3 >£i§Jirr& (Soto. C. J. Neurochem. 63 
: 1191-1198 (199 4) ) e Zhlt. Cu (I I) aj%& A 0 \Z £ 

Z&itZitmZ* 7. 0£|g;t6pHa>±^l*, ffAij.^7v-ha> 

"7*— > — V3 -5 (Soto, C. J. Neurochem. 6 

3:1191-1198 (1 994) ) , Cftli, 7-1£0>;gg<b A 0 0)3 

ro;&JH*£*$£<bLT;, A£0^^<DjfctB££i:ao ftor. c u (i n 

[0 13 7] 

APO)mM&tpH0Z<D-ft&<DMm** A/8(DNmSffl^7^y >K (SIS 
1-2 8) rt©CDX^ h;HcfcL>TJUBJllcm^$*i/=a>3'^>-va>^ 

<b$J5?*t" -5> (Soto. C. J. Neurochem. 63:1191- 
1 1 98 (1 9 9 4)) (tUt)*>s 1fo-l~40)®&&ltto7 &yni*pHV0) 
a-^'Jy^X. ^b^lCi^4~7(DrBl<0p H-CO/S-v— h) . pH&5. 5 

I) fccfct/Cu (II) iZ&^X&tfLZtltzWtmft (05AfeJ:i;5B) I*. * 

u-h#]/pHic<fcypi£m?fc£©T'. z*ib©3>7t^->3>ii. cfcy 

[0 13 8] 

A£0=!>:7*->-v3>#^fc<fct;;§Mii. m^c-sp H-c^b-r-sro-c 

(Soto. C. t>« J. Neurochem. 63:1191-1198 (1 
994)), Zn B«Ht*SJ:tfCu (II) ^140 A £ i-40»*lc8 

[H + ] ^blCUf^Lfcc §S££* 04 A. 4Bfc«fctf4CIC;F 
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"To 04 Ate, |@{b$It^±Zn (II) (30/iM) £fcteCu (I I 
) (30//M) (f©pH3. 0~8. 8-C(D-<>4ra^— V3 > (3 0^. 3 7 

°c) t5&vm>i>#M do. ooo g. 2 0») &<&±S4M::8?rf £pJ;St±A 

tfDf-^^ili, ¥$±SD. n = 3f^. [H + ] m&X'l*. mfctfpH 
7. 4JaTlC«TLfcli^lC, A $ 1-40 £ (2. 5#M) L"C— 
lpHA^6. 3^TlC^T-r-S>t. JglMlCftBSS-etr (0 4 A) o pH5. O 
T% 8 0%©^^ KAW^^. CO^^KI*. pH5. OUJlT0>I£tt$i 

m<Dm%$:mi$J:Vtom?Z> (Burdick, D. . J. Biol. Che 
m. 267:546-554 (1 992) ) . Zn (II) (30|fM)te. p 
H6. 2-8. . 5<f>f^X'^ly^}^ (£|50%) OSM^UH' pH6. 
OJjlTTfl*, ®mts [H + ] ©S&*©*lCj:oT!!iM*tl»*-. 
[0 13 9] 

Cu (I I) (3 0#M) fl)#ST-e, 8. 8*»£ 7. 4 ^(D p H ©iTFte. 

% z<D^^K©ajfcic»-r^cu (id a)ja**a«ic*»Lfc. i7$# 
mnzto n<ztiz % cu (i i) te, rnvfrteTisF-isximmzmm 

t P H6. 8T?, 8 5%«fcy£l>#JfflnJBfcfc^^ KlCJga£ll#£Z Lfc. ft 
oT. [H + ] <Dt5-rA^«f±^l-«koT?l^^$4lfcAi3a)=i>7^— > 

a>^bte. A^©ffiii^eB«im$S<. !&2<&£JlsSSS&tt<3fiffi££i;s 

„ pH5. 0KTFT% Zn (II) fcil/Cu (II) O^fSO A £ £J8£-fS 

lCfc-tb<e@LT. pH6. 0WT-C;8ife$*l££l^$§l (Bush, A. 
I. b. J. Biol. Chem. 269:12152 (1994)) 

[0 14 0] 

*ivc, AiS^^^sic^-r-sp h^cu (in toTmrnvk** juto 

HgUCfcoT^blcmSLfc : ^^C-SCu (II)M(O. 5. 10. 2 0fc 
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£Xf30uM) £ffll>fcpH5. 4~7. 8 T'ftJ >*3.*— f s 3 > (3 0», 
37°C) fc<fc^»0^8l (10, OOOg. 20#) ^(7>±miCg|#-ri)Rli§i± 
(DA^^^fiJ^^ail^L. ^LTiate^^ K©/t— b>f-ytLtILfe 
„ ^TCD^-'S'CD^Ii. fi^tSD, n = 3-Cfc^> (®4B) „ pH7. 4t\ 
Cu (I I) 831$a>A08*fi. ^C^Mffi-CCDZn (II) |Cj:o-CglS 
**lfc»*J:y. 5 0%fi<. Zttli. #)$}G>?g£ (Bush, A. I . J 
. Biol. Chom. 269:12152 (1994)) t— Stf A£;g 

sw!>£j*icfcrt* [h + ] tcu (i i) toHici*. $i*n«a<#£«. -r 

u (I I) lii!>fc<. dfili, [H + ]AUu (II) 8S*tt0>Ali-4o8& 
[0141] 

Z £9?ftM4>Aj9i-4o£<l:tfCu (II) ££i:6Z££fi£t2 

(dh^oicu (id a>#£T-ea>. A^^nofiMtoikif?li: 

Lfc (04 C) . BIBlCl*, Jtfc£Cu (I 1) IS (0, 0. 1,0. 2fc<fc 
I/O. 5//M) (D*H£T, pH7. 4fc<fctfpH6. 6 "CO) n mSJtO) A $ 1-40 

$CD¥$K3t$<DfiI£«U Z*il3\ Z^^fh'^ Cu (I I) ©##£T 

mvfrtem&sKTtmmtzz t % ti*v&mt<* »2oon mB^osu 

©Cu (II) ©^SlCcfeoT. Itmzm&ZtiZZbZffiiLLtzo £t>lc. <fc 
iJSi^AiSwoM^tWlcllS^tlfcJ:?^ 7. 4*>b6. 6^(DpHfl)fi 

Ti*. *a^w»sa)A^i-4o©*iiic«"r-5cu (id <j)$mz*£&\~tzo 

ftot, Aj8i-40»lltt» Cu (II) rt<fijffloTfre 8 n mlCT*<<5> 
[0 14 2] 
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obert. G. W. Lancet. 338:1422-1423 (199 
1) ; P i e r c e , J. E. S. b* Journal of Neurosc 
ience 16:1083-1090 (199 6) ) » A DKfc It £ 

[0 1 4 3] 

C*i,b0>$Smi*. jaT0>A0£J»*Lf&*. 3O0±SI^M^5l^tt(Dife-5^ 
tt## : 2E"f &Zt£iH? :pH (Fraser, P. E. b. Biophys, 

J. 60:1190-1201 (1991) ;Barrow. C. J. fc<fctf 
Zagorski, M. G. , Science 253:179-182 (19 

91) ;Burdick, D. . J. Biol. Chem. 267:546-5 
54 (1992) ;Barrow. C. J. b. J . Mol. Biol. 225 
: 1075-1093 (1992) ; Z a g o r s k i . M. G. ti&lfB a r 
row. C. J. , Biochemisty 31:5621-5631 (19 

92) ; K i rshenbaum, K. 2Stfcl/D aggett, V. , Bioc 
hemistry 34:7629-7639 (1995) ;Wood, S. J 
. b. J. Mol. Biol. 256:870-877 (1996)). Zn ( 
I I ) 0>2lJt (Bush. A. I. b, J. Biol. Chem. 269:12 
152 (1994) .Bush. A. I. b* Science 265:146 
4 (1994) ;Bush, A. I. b. Science 268:1921 ( 
1 9 9 5) ; Wo od, S. J. b. J . Mol. Biol. 256:870- 
87 7 (1 9 9 6) ) „ t$*U®*>frtm&£ft-TX-<D. Cu (I I) 0)M& o 

[0 14 4] 
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&fog<DmiHO)ft®LT'toZ> 0 ftoT, Cu (II) fc<fctfZn (II) ^<DA£ 

^©isai*, $k&7o-kxo)®izft\znwx-&v&%. uau*. ^&a>mm^ 

mt. MtiLlZtiVm (Trehauf, P. S. £J:tfMcCa rty, D. J 
.. Arthr. Rheum. 1 4: 47 5-484 (1 97 1) ;Menki 
n. V. , Au. J. Pathol 1 0: 1 93-2 1 0 (1 934)).* 
LTZn (II) fcJ:{/Cu (II) (D^Tatt. &mzfc£LX&m\znWl2ti 
(Lindeman, R. D. , b, J. Lab. CI in. Me 
d. 81:194-204 (1973) ; T e r h u n e. M. W. fc<fcl/S a 
ndstead, H. H. , Science 177:68-69 (1972) 
;Hsu. J. M. b, J. Nutrit ion 99:425-432 (19 
69) ;Haley. J. V. . J. Surg. Res. 27; 168-174 
(1979) ; M i laninio, R. b, Advances in Inf 
I a mm a tion Research 1:281—291 (1979) ;F 
rieden, E. , in Infl a mm a tory Diseases a 
nd Copper, Sorenson, J. R. J. $§, Humana Pr 
ess. New Jersey (1 980), 1 59— 1 6 91) , 
[0 14 5] 

o>-tr;uD^vxs>ii. &&Kmte&vmm%m<Dz?aizx\z&^T7£\itj:mm 

(0l|jUi. ThOUJ****'*-' \ft$W)V)U***'V— tf (G i ampao 
lo, V. b» in Inflammatory Diseases and 
Copper, Sorenson. J. R. J. Si Humana Pres 
s, New Jersey (1980). 329-3451; Peacock, 
E. E. fc<fctfv a n Winkle, W. , in Wound Repair 
, W. B. Saunders Co. , Phi ladelphia (1976) 
, 1 4 5-1 5 51) ) ICCu (II) £tt-5-L#2>Cu (II) ffimt^/lO 

ft-efc&o t/i/Q^7x?»!)^fl)cu (id cDSfctui*, m-mj*^. * 
o>m-mrmizm7tztiz>Mitmmiz±ix. *«i=«it**i*a)T? (Owen 

, C. A. , Jr. , Proc, Soc. Exp. Biol. Med 149: 
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681-682 (1975) ) . B*>frUT*s F—i/XOimtt* SSStC u (I 

i) 0>misa<Dmtk*temL'$z>. mmz. %wt$.q<( k* ,% 

VPtfLft (SAP) ©. BfemtfWvl}*) KT-fc 
*f4 tt^OSMIfi* BttpH-C* Cu (II) IC*y«»*tlTl^ ( 
Potempa, L. A. b, Journal of Biological 
Chemi st ry 260: 12142-12147 (1985) ) 0 ftoT 
, pHi<ftTLfc»B©Cu (II) (DA $ |-40^©X&li« a^^ftHttftft 

*Sfc«>©ttfll£«iftLf#$. C©«k9<f«fi6l*. ^3t(0^mSP<i-C(D. Aj3© 
(Hi~5B) *fcl*»<tM«fiBlcfclt-5»k$^*#6. 

[0 14 6] 

(HM2) 

(y^^/x-fT-^AiS^^^KO^'J-^v^^^^fc^t/SOD 
(a) Cu (I) *S«fctfFe (II) (D;U£) 
d©££li % M*©«fc«|:Ofa$T«yb-fr*^P (Landers 
, J. W. fc^tfZa k, B. Chim. Acta. 29:590 (1958) 
) frb»£-f 6o Ztll*. /\h?^0<<>=X;U/t*>g£ (bathocupro 
inedisulfonic) (BC) 7-t>i^bLfcCu ( I ) % fc«fct/ 
/(h7it>hDiJ>Z^>i (bathophenanthrol ine 
d i s u I f o n i c) (BP) 7-*>t&it Ltz F e (II) fCOlxT, 
;h>?*U 4 8 3 nmfc«fctf 5 3 5 n mO)m&tev!til®.l&&3:i)<ftG.t Z 1 

Hlcg-3< e z*ib(D2o©0l<*©^;i/qRJ|xa)ifcSI*, *Jtftfc£rFO>J:?lcji 
l£Lfc : 5 0 0// l©£tgft (i§flJ(DBCfc<fci;BP'J:tf>K£#t,\ PBS. 
pH7. 4tp, 5 0 0 // M) ©7'Ja— r*£» 1 cm©i§ii5§gt (pathle 
ngth) ©531*3. K ? h:^9 KU *LT**iS>©»»*£38jeLfc. 
*WR***, 5^ h-^-;W>a«l:ai^t*llLfc. Cu (I) -B 
Cits 2 7 62M-'cm-1a)^H»}lt$^U -f5s Fe (I I) -BPli, 
7 1 2 4M" 1 cm-1©%JI4ft%$£ft*'& 0 
[0 14 7] 
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9 6«^i;i/^U— HCfcltSC u (I) -BCfc<fcl/Fe (I I) -BPICO 

i\x<Dwmummj5foo)M®mMo)&%£. ^nmzmTo^oizn^tz ; 50 

0//M, 10 0//M. 5 OuMZtzltl 0 fl Mm&0)Mi&? s s (Cu 
(I) fc^Fe (ID) £0, -5"(D2O0lH*a)©3t^^, 9 6-)i^U 
— (300 U I ) *»J:l/UV#3fctt (UV-v is spectre 

meter) (500// I) K <fc oT,*£ Lf= (3>hP-^7>^Ht. 
PBS, pH7. 4) . Z(D^U- h'J-y-^f>#b*lf-l»7t¥$, UV#ft 

[0 14 8] 

[81] 





k(cm) 


r 1 


Cu(I)-BC 


1.049 


0.998 


Fe(II)-BP 


0.856 


0.999 



Fe (I I) (D^Jg (|fM) W\ a:/hD— JU&LTaWfc8ffi*£ffiJSLT. 
[0 14 9] 

[»2] 



ZZX\ A Alt. )lt^> t<r)T£iO>yk%&<J)mT-1hZ>o 
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[0 15 0] 

(b) H 2 o 2 <Dmm) 

ZO^j^Ht. Han. J. C. b (Ana I. Biochem. 234:10 
7 (1 9 9 6) ) IC t koT^^tlfcH 2 027^-b-f 96-)i^ 

t. mtitzmg. miuM) ^^ct, ^LTH 2 o 2 (B*££feMb^ftftl::e 

[0 1 5 1] 

AjJ^^Kt, PBS (pH7. 4£fcli7. 0) *K 3 7°CT?3 OtfRJh 

H 2 o 2 fii£iajg (hMX (2-*;i/^+i/x^u) -ta7-f>th'o^p'jK 

) (TCEP) (1 00*/M) t&\zm&f'(^*c=>.'<-hLtz. 2fcl**C. 5, 5 
' -Vtt- tf* (2-^hoSE#K) (DBTNB) (100//M) 
LT, S#tSTCEP tSft^-B-fro ZtofrfcO) 4 12nmO)t#IS 

MfcS*i>fti|Xi££*rf £. HOTy-fe'T*. «i£&<)fci»ft3^H£<£ffl LT 9 6 
OxJIM&lzmfcZ-etzo 01 1 lc^$ti<l>«fe-5l-, A 01-42 (1 0//M) 
JSH^fTF (1 1©H) . MM^T;U=r>/\°-v>^ (Ar) , P H7. Of 

ommtoummnit (o 2 ) , ztzimz-is-bMT*? iuws> (df 

O) (2 2 0y/M) ©#|ET©^f^t\ 37°C. P H7. 4^1^^ 
a^-Ufc. 3fe£i*A£?I (10//M) t£fcf*©SLfc 0 A /? j-40» 77hA 
0 1-40 ( r A 0 i_4o) fc«fct//1o (scrambled) A/8 |_40 ( s A /? j_4() 
) ^HMT. 3 7°C. pH7. 4"C1^P B ^>^z^<-hL/=. fit (¥$ 
±SD, n = 3) (i, 3&0)V^Zf)l,- (*^7— tf (lOU/ml) ©#ST 
T'|5j-(7)^Tl?ff ofc=l > h □-;U-9->^Uft*0ft) £S"f o 
[0 15 2] 

tO 1 5 3] 

tfcl] 
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C^C^COO- CH^COO" 

-oocch^-p ♦ -cocch^-p^o + H,0 

^CH,COO- CHjC^COa 



.COOT 



'OOCCHtCH,— P + 



^HjCHjCOOT 

TCEP 



COO' 

o^cHjCOCT 
-OOCCHaCHj— P==0 

CHjCHjCOCT 



COO" 



+ 2H+ 



TCEP ■ HC I !UTIC^^+li»«fe5lC, 7K14HC I £i!3iETT?» KM* 
(2-v7/-IfW t^7<> (J o h n s o n-Ma they (Wa y d 
hill, MA) frt>ffiALtz) ZHQKKMtZZtlZ&'oXSmLtz (Bur 
ns, J. A. J. Org. Chem. 56:2648 (1991)) : 
[0 1 5 4] 

[it 2] 
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TCEPHCl 



U-hl::fclt&2-z:ho-5-5 1 *$m#& (TMB) <BtHIfcM73l6)a>iI 
£8I&£ftirti>&Sj!><fcofc, CKDfcSfi. ±IB(cCu (I) -B 

Cfc^l/Fe (I I) -BPlZO^TSB©LfcJ:5lcno7c, Z0)3is-h*)- 

£7U-h±T?*r?*§£. &fl*ls]^tt(£<D<lgtkrf><, n£ffi®iia8ENM=«fiI 

[0 15 5] 

[&3] 



k 


r2 


0.875 


1 



•9->^;H-1 OOOU/// I 73*7— tf) t<J)m<W&%mO)mfrt>fefcL&& : 
[0 15 6] 

[»4] 

r i / \ Av4(4J2wm) 

fcoj M=( 2 x 0875x]4)S0 ) 

( c ) OH- (Dfflfe) 
OH • (7),$i]£l3\ Gutteridgeb(Biochim. Biophys 
.Acta 759:38-41 (1983)) CliB&fl) <fc 5 l-frofco 
[0 15 7] 
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(d) ApMzJ^Cu (I) &f&: Zn (I I) fc^tfpH©^!) 
A£ (PBS. pH7. 4£fcli6. 8*. 1 0 liM) Cu (I I) (1 
0 UM) ±Zn (I I) (10// M) h (37 

°C) Lfco Cu (I) (n = 3. ±SD) 5. tl^fflfSl-fct LTT' yte-< 

Lfco :tib®f-$it zn (i i) <on&tf* m^frUM&mmT-zcu ( 

bAMr5S*T-fc*A<. 1 0 // MSfSOSSli, K£;tl§ 

Stt^«l#-r^c:<t^b^r-fey. zaztii. «a<7)A)3 2t^^<, ctib 

AjSIZ^oT^C^Cu (I) fc<fctfH2O2±J&0>IJiglc^TM£&iiJ££ 
[0 15 8] 

^>ha'Jl/iIrc&m7-7^&*&£&fflLT. APPgf**<. fOif h K> 
•f>±T'Cu (II) jiTcSBfii^^-r^Zt^^Lfc (Mu I t h a up, 
G. S>. Science 271:1406 (1996)). Z<Djl7C&Jg7' 'V 
•fe-fOfiEffllCfclt^jimroi Oli, C0^ffil4^A<, Cu (I I) £fcI4Fe ( 

iii) <DMitmi3£®xmmL'&z>ztv&z<DT?. momitmTz&tfivuz. 

&Jg-< * > £ £ £ fcl $ £g £ ? Z> T V -fe << IC «fc o THIS L t: , i@8<b* 
mi*. A/9?UcJ:orfflailc^$^i,c:<l:^^$*ifc (S11) , ftoT. 
A 014. L&A<b. H 2 O2*5cfcU:»7c**ifc*m0)i357J$4i:-S„ fit 

A0j!><. ±S^WfSM^T*y-<-7-T'fc^Ct^Lfco H 2 02fc«fctfi!7c£ 
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a>#Uv— fbictefUL (@9) % fLtt Kn*">;u**'<>^*-lc < fcoT? 

n?***lfc*. tt?T. BRIS«>t>® F e , Cu, Znfc«*:tfH + ©fifttt 
s.SJtW <*-f7HW*) fcJ:^ (Fe (I I) /Cu (I) fcJ:^H 2 

[0 15 9] 

A/5lzj:^H2024fi!cli. H 2 02#tt«Stt*ttrt«Z£ £E«««« ( 
Behl. C. Cel I 77:827 (1994)) £KWU Ctlli. 

. afcA/JI^Ktt, tt»T?t4l$fc*©H 2 02*±fi£-r*^ (B6) , tKD 

35cLfcfcl*fr&T?**. iSot. *&W%btt. A0£z©J:dfc87jfc*Mg 
Sic* £*,©#. a5c**ifc«J3«*:i;H202Oii**H^fc^ja-r'5A/5©fil 

a-cfcy* *$ic» H2023b<zo^^ K©mfr&a*ttM**;fcttii*ftic. 

"7 x IxjRfEf-J: o T t K D * v z> v * ;u££ C h 1 5 Z t £&§ltt It * , 

T?*y, ■*LT-€-*l&©b'<JU*» fla MtlCADJCfcl-J-*) fCfcHTflU* Z*l 
/><fc*b<, ±l2T-%^Lfc«k5lc. A/5©l!BtS«|cfcMtSg»^©&fil£IfcW 

[0 160] 

(a) -«fCttffl**l4SODT-y-b-fl=j3ltSA^Stt 
A 0 ©tfLX-/<-** v KftftftW > tftflCfcl^TW b^T?fc-5 - 1 ZfttiLt 
TZtzthlZ^ ^JSttAD (FAD) ftK&frr&t hAPP<D*;U#**>3fc38(D 
1 O07?yi^Itl>h7>XvxZ-^7OXlI (7«7X3HtTgC1 
0 0. V717F) tJil/IMAD (FAD) £^£*r$fcl* fc hAPP©*) 
;U#* *>*«© 1 0 0Tl~ym£%m?Z h7^e?i-^77XStS (V7 
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X3M£T g C 1 0 O. WT) »20ro h^^vi-'^?^!^, 

7c (Li Q. X. , e t a I. , J. Neurochem. (1999) 

A/3 0jg^J^|Z7JD^.T. TgCIOO. V7 1 7F7^Xlt APPjt£^-<7) 
7 1 7 8glCfcl>-C£Jt£ft£U ^-Lr^iLT, *IDiIZ±#L7rU'<;U 
a>A/?i-42£±J$"3"-?> (Suzuki, N. , el a I. . Science 
264. 1 336-1 340 (1 994)). 
[0161] 
Cfrfc) 

Mf«$2EfflTgC100, WTfc«tTj2K(DTgC100. V7 17 

Fv57><j)mBfrt>ms.mLtzo m®&* 5mioo. 2 5%3 7yt-b* (w/ 

v) <t»T?»J&*<aWK *LTB$#rJIML&7}<b2 x 3 Oflflk 3 7°C. 5% C 
02t?-f l/^o.*- hLf:, 2^1 OOOgT?(7)SiD'^llfcJ:i;PBST?<7)2 

@a>3fefr©ft, $sii-9-:>:7;u£. *§ft£*t7ciggtgife (dmem+i o% fc 

S) £#fci**:7 5X=l|=fcU -tLT 3~5B|Uk 3 7°C. 5% CC^TM 

igJii£t>\ ^IC3~5 x 1 o%BS/^x;u-e4 8^i;u^u-hic (*-*>^ 
>***>y— tfftiS) . ^fclio. 5 x 1 o%j|g/t;i^i5 6^x;b^u- h 

[0 16 2] 

(*•* >^ v y— if l> zmmi&g) 

1"l)i§JS<7)+-9->^>^vy-4f (0. 0. Z s 0. 5&<£tl 1 U/m I ) T? 
MLfc, 3> Ko-;bi|fflflg^+^>^>fcJ:i;/*7cli^>5 1 >^+S/y- 

37°C, 5% C02T-<7)^-/n*-±^ hT't&'f >*j.*-> 3 >0>&|::, f&Rg 

[0 16 3] 
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(£filcA0i-42fc<fctf SOD 1 £ffll*-?>4!&JI) 

Tgcioo. wrmmwrnteZ. 4 8t7x;W^U-h*IC % 1 x 1 o4« 
/•>x^-Ci**U *LT5 0/iM(7)*-9->^>fcJ;tfO. 2U/mlW>f 

>t+v^- ezmi^xmmLtzo 3>hd-;«^ 

£b(^ lN<Ofr<Df&Nfc3Nfflfl&£. grMKIS§![Lfc£filtAp , i-42 (0. 1-10 
nm) £7cl*5 0 U/m I (7)SOD 1 £ffll>T$&3L7Co 37°C. 5% CO2 
TfOt-zW-f htO-f >^K-> 3 »8S04SHJ. MTT7 

[0 16 4] 

SOD1, AjB^^K. -f >X'J >fc^l/TS 'J > ( r =7^h. h = th 
) 0 2 "«iaJS<l<tLT^ffl-r*-hP^U-xh7y'J'7A (NBT, 0. 1 
mM) £#fcPBSfcJ:tf EDT A (0. 1 mM) P H7. 4 tp(D^>^> ( 
ImM) fcJ:tf+t>f>t+V^- tf (0. 015U/ml) ^jg^lC^L 
T\ iJDLfc (0. 5//M) , Wittmomit (5 6 0nm) NBTIZft-fa 
02~5.fc&£*~?'*— ?-M^U-?-y s > (purple f o r m a z a n ) j&fiJt 
ICO^T. S^rBll^fcoT^-^-Lfco 0. 5jjM SOD1|:J:ot±i: 
(100%) tit^Ltz. NBTIC^i,0 2 -Sf5tt(7>/^— fe>Hfig£ 

[0 16 5] 

(£*) 

-f > tf tflZfcltSflSJglzliJD Lfc A 0 1 -4 2 0) U^Ufr. igAD LfcfclHb&£ 
tfcb^t^o^Ui^iitSir^Tctolr. &i$3i«£C1 0 0h7>Xyir«; 

$ti§0 2 -^A'U>vlc8SgLfc. 4#J£T^-tr^(cJ:ori¥fiffiL/cii^ (g) 1 
4 A) , A^i^^ig^JS-r-S^fiS (TgC1 00. V717F) It, igflJSg 
StLTl^fc^fffllfc (TgClOO. WT) J:yt % X-m'-* *v Kii<lK*f-f 
•SSS14fr<5frofc. i®f«J%S-r ^$fflBfetf(D A /8 1-42*^ Ki>X 

tf (sod) fiia)^icfcLNri0j^)-r^frSfr^li©l'rsfctf)ic, wt^ 
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HIMBUSS, M-*tt<D^A^i-42fc«fer/SOD1 $ffll>tUX4a- (res 
cue) Lfco + /*fl>Mfl!>*rl#l~WaLfct hA0M2l*» 

K**lr»t-*TgCi oo. WTmm&mi&toM&ZmtoLtz (01 4B) „ 

Z0)$}glt* 5 0 U/m I ©SOD 1 -C^SICESl Lfc. ZOZili, A0i_ 
42^, SOD1&MfcLTftfflL^*C<t£*l&-fS. 
[0 16 6] 

c (Df- > is, a /s tmmitm ttxss mmiztktu 1 5 fciask 

Roberts, G. W. . et a I . , Lancet 3 3 8:1422- 

1423 (1991) ) , <ptf«maiciHbwx h isxfffrfr&ms. 

Ka>teaj#®g?£*L&0>^ (Frederikse. P. H. , el a I . , 
J. Biol. Ch em. 27 1 : 1 01 69-1 0 1 74 (1 996) ) , 

-f -SJ^ICttffi-f-SG)^ (An d o r n, A. C. fc&lfK a I a r i a, R. 
N. . Neurobiol. Aging 19 (4S) :S40 (1998)) 

ttfftia£fotz (Yankner, B. A. , el a I . . Science 
250 : 279-282 (1990) ) 0 
[0 16 7] 

( b ) a p ©ttx-/(-t*v mmzmmt zmvsz&m? ztzttxD*? >j 

N B TT'yfe-f ) lcJ;o-C/fi)$-r§ (01 2) . IKmmX'foZ A$tf% (9ft 
, *^>^>/*^>^>**v?--t*l::<J:£) |CfcLvC£j£$*ir=X-/*-* 
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[0 16 8] 

(c) H2O2&f&0)tztt)<DO20)Q!.Rl* te&tf A 0 * is PO*® 

H2O2&j$.0)tzth0)O2<r>&mt)<. mnttmn.<DWim£fc&Lmz>zt. 
tj a $ a<x -/ m*mi z t m& l m s c: t ^mt>htz 0 ztit>o)?i 
m&ztm?z>tztb\z. soD^te&%&<Dm%<Dtztoztmizm%ztitzm® 

iz'ft r> X > $ Ml $ htzStfL A £ 1 -40*5 «fc # A $ i -42<D#ST lc fc / ^UXjft 
^^lc<fcor*i*$^fcX-/^-^^vKa)HB^$^Lfc (Goto. J 
. J. ,et a I . , J.Biol. Che m. 273 (46) : 30 1 0 
4-9 (1 998) ) , 
[0 16 9] 
(£$) 

(SmUT K) 

A/S^^f Kl ~4 0fcJ:t/l ~4 2£» W. Keck Laborator 
y, Yale University. New Haven. CT. IZ^-oXa 
f&LtZo feO&teffi. (U. S. Peptides. Bach 

em (Torrance. CA) . fc^^S i gma) A^^^ie^-rUTAf 

zhtzAfi^zf? vzmi^nm&nmz&ixmzo a/s^^k* 

^$tV7c¥IIlCttor7KT?MLTf+SL7cCh e I e x — 1 0 0$fli 
(BioRad, C A) 4>T*DiiU Lfc (Atwood. C. S. ,et a I . 
.Journal of Biological Chemistry 273 
: 12817-12826 (1998) ) . Ml Ltz^Zf^ K£tSS|-f <2>fc 
#>|C, A0 (6 0//M) Cu (I I) Zn (I I) -^'Jv> 

(1 3) (300//M) „ Ztzlt^OffisSbtblZ* PBS (66 mMt^7 
i— K 150mM NaCI, pH 7. 4 ) fpT? 2 4 B#Pb1 3 7 °C7? t & \Zj 
>^ra^- hU:. ^j»l£*l7c£ <-J (Bush, A. I. . et a I. . S 
cience 265:1464-1467 (1994) ;Atwood. C. 
S. , et a I . , Journal of Biological Chem 
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istry 273:12817-12826(1998)), CufccfctfZn 

x-1 OOttlSMLfclllKjRSLfc* (5x2^1x1 'Jy HKDX&) \Z 
*JLT&«T (3. 5kDA«;ht7, Pierce) Lt» IS$Ltl><tl»4i 

ftfe0%im\t°I&.toT'&&<DT' (Huang, X. , et a I , J. Biol 
. Chem. 272:26464-26470 (1997) ;Atwood. C 
. S. , e t a I. .Journal of Biological Che 
mistry 273:12817-12826 (1998)), CKD^SIi. 

7ltMii (Varian Ultramass 700, Melbourn 
e. Austral ia) Jg^»3fe»3tlC <fe oT , £MM£fcfi£JR* 

$l&l::oivt3»£Lfc. 

[0 17 0] 

SOD;Sti(7);B)5££, 2MeV(D/\*> • =f • ?7-7ll**DiI&1BfcJ:tfgg 
Si (k i net i c) UV/V I S^3t^ •yXfASttfflf 6 (D e p a r t m 
ent of Chemistry, Brookhaven Nationa 
I Laboratory. Upton. N Y) M^UXttlt^^lZ «fc 
ffofc (Cabe I I i, D. E. , et a I. , J. Am. Chem. So 
c. 109 (12) : 3665-3669 (1987) ) e 1. 8MeVXL/£ 
hP>(D/^UX (>>5 0 0-n s/^UX^^PbI) :£fv"Ct&l0 LfcPBS 
(pH7. 4, 1 0mM<D¥M$:-$t\ 2 5°C) A £ K ( 1 - 2 0 // 

M) *£€?53Hr^ (2cmjfeg§^) IZ&gL/co ®mM%*. KSCNf&Mfr 
^fflLTtliLfc ( (SCN) tf, 6. 1 30>Gfitfc«fctf4 7 2 nmt?07 9 
5 om-1 cm- 1 a>^;n»^3a$W^^ti5S) . Il/f hP>e-AIC < fei>7K 
ORPJtli, -*7V*K'fc4 • OH, e a( ffcj:i;- H SififcL*:, C*l£>0) 
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5S?*;u*, jaT(D5f5^iicr. *8£fc«fctf&f{i(D?F£Ticfc(,*-c, 

$tf)l::^&$*l<5 : • OH + HC02'"^C02 --+H20, -€-0^002 • "+ 
02->C02+02~. e aq "+02-»02"fc<t^ • H + 02^H02 • A^t. CCt 
HO2 ■ =H + +02"T?fc&« O'2~a>0i4l$. 2 5 0~2 7 0nmt : E-^-L > 
* LT / * ;Hb* SO??STTa)02(Dft!6JIW'F^<b<7>-^jie[ ( k cat ) 
^P B 1*5<fei;^>/^S ; E^Jtl^'r^l»3tJtfl)^$*lfc^^ (2 60n 
mT?(Dk 0 bs) A^bttaiU7co 
[0171] 

<£&) 

O0Mfe (AflMofc^tfAfli^) £ttgiL.fc : ZnTfMLfcAjS (Zn 
-Aj8) » CuTfMLfcA* (Cu-AjJ) % C u fc«fctf Z n THBtlzM L 
tzAB (CuZn-AjS) „ *J«fe tfivf *l(D&IS'f t^ttWKWofc A 

/So ^<^f KMit, «J£»U:2*rU **LTl*«:i*M-f 

**y»#, fLr^WMS»ISl:<l:otMflifcX-/WvK(D- 

[0 17 2] 

**/HtLTl*«Sl*A0 (SO fc<fctfZn-A0 (i1 4A^^1 4B 

mtu^tifcc l*u mmtef&&%m<s cuMLfcAj9H«&icoivc«s? 
^tifc (iai4~i5, so o cu-Ai8i-42e/xA^— Hfjsit (2. 24 x 

1 O^M-lflH. 11. H1 5B) li. Cu-A)Si-40^XA^— tfj§14 (6. 
4x 1 05m-1«>-1, S 1. 01 5 A) «fcyfcfrfcyS5<. *-LTiE:£0>Cu*a 
SLfcA^I@S^(DSOD^;S1tlot, Zn (II) 1 1 tK&H-f £ Z t IZ& o 
T»«l=itai**lfc. Cu Z n-A0i-42$Stt (2. 11x1 0»M-1«?-1, S 
1, 01 5B) t^fcs Cu Z n-A/9i-40j514 (2. 90x1 o6m-1»"K 

*i, H5A) *y*a^«y«*»ofc. ftftLtzmmiz&^T. nm^mm 

«fcl/7K'JT^ 'J;U7 5 K^MMtSMHllCfcHT, PBS (pH7. 4) *©3 0 
# M K02T-5^F B H'>^rJ.^-hL7cCuZnA^i-42a)^tl|ilot, Haj£*t 
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Zt Cu Zn-Aj8HSS$a>k cat li, KMfl>±*lCtto 

•ty^uticfc^T, zo*?? \ : <r>*mtovm$mtf>&<tiz>zttti®.? 

So 

[0 17 3] 

Kt)3Mlc*S£L7c£M(D;g>i5ilot, Aj3A { Cu lc£g£ LfciI£l~(D*8t 
^tt^^-r^Zir^BJbAMcLfco Cu-A/Si_40fc«fcl/Cu Zn-A)3i-40 

1) 0 C u - A 0 1-421*. 1 hfcfcij 0. TtJUiCC ulZ$S£f 

CuZn-A)?H2li- 1. 4 t^MO) C u Icfg£-T zoztfi, 

z n ttt^-f \~?&zttf. cu^^f K^a>fg££it$irf 

[0 17 4] 

A0 (1 -4 O^fcttl -4 2) (DSJXA*— tf?£1£ (k cat ) Its $S£Lfc 
CuO)1^;U*fcyfg|$Pafi<JlciiJnL7r (g)15C) 0 ZOTCirli. k ca t^ 

lCl±^]-rSta)'C(ot^l^t^^-r. Atf^ofc.fcl/Ap'i^Iot. pH7. 4IC 
fcl^T. 1 hifcfc U 2^E;i,^M*-C(DCulClSg^Lt#«>(Dr- (Atw 

o o d e t a K 5fc^lf?la>®1§?) . A £ <D|*sfl;S1i£g*<b-r SfctfXB;* * 

;Mbfc<fctfi§ffi^ll£m^+#fcc u&£li. gj££;h/Cl^«ci^t Uifcl* 

<bL7 l rAj5 1 -400)k ca tlot, ApV42<Dk cat lcifio*£|#SZtj!i<5J&T'fc£o A 
)8 i-40/ t 5ttfc*i;A /3 1-42S140C u«c#til&a^«flCli. ^ti^Zf? K<&* 2 

\ : Z£&v?izmmt%z£ttmztz*mo)rM%t><&mv&z>o 

[0 17 5] 

JSgtCDCu (I I) li v pH7. 4|ZfcL^rX-/t-^^ K(7>TO<b$®!« 
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■?&0)T' ( k cat = 1 x 1 C^IS/HfjH) (Cabel I i, D. E. , et a 
I. . J. Am. Chem. Soc. 1 09 (1 2) : 3665-3669 (1 
9 8 7) ) . *Zt? K$&g0>Cu (II) Zm^TmgltZZtlZ&^T. '> 
Ifl)Cu (II) A<C00f5eicfc^-CjgALri^cRl«gttA<feVf#*^gAMzo 
HTM****:. CulBlUfc^^f KjS&0&JSWfcStflz<fcoT£T©3ISt 

©cu (i i) $^-ri>it^iztKt3^-r. ^©^e^o^oissKDjgA-r* 
gtosA-r^cu (in <?>&®n<&z>fr : gfr£}k%i-z>tzti>iz, nv^-^n 

ST (4 0/iM) -e0>CuZn-A£i-42 (5//M) <7>jS1i^ii|^ U *LT7 
il,*-><Dft&tfk obs Z%'pLtj:^Zt$:3.tiSLtzo 7)l¥-ls\*s Cu (I 
I) (logK app =5. 9) V'f ^D^l^JgT?A£i-42 

frbCu (I I) £®y|£<(7)ICl;H-#fc&fa14£££&U\ (At wood, e 
t a I , UtiJ) o J£gt<7)Cu (I I ) li. p H7. A r g-Cu (I I 

) (2X1 0 8 M-1*)H) cfcUti^Ukcat (1x1 o9m"1«?-1) Tf. X-m°- 
j-^sW^mtZfmtb (Cabel I i, D. E. , et a I . . J. 
Am. Chem. Soc. 1 09 (1 2) : 3665-3669 (1 987)) 
. 8oT. £8ta>;1A-f £Cu (II) A<Cu Z n - AjS^ISS&KDjlAMta) 

[0 17 6] 

C u - A 0 ICOLvC®g£ HtzS O D|*;5tt*<, *?=f- KC u gfcd&BfS 

JSSia);"gA-r-&Cu (II) lc£BLfc^C£<&£2 0U8aii. (W<bAMc 
f££Lfc) Cu (II) 3S<DfS*£LT» k cat A<fg^iaWlc±#-r^i:LN 
oztT-fca (ii so o coztli, a^$^fcCu«c#tiiS14^ 
K<t(Dffi£ttffll::<fcoT<£iI£*U *LXtzt£miZ®C U a«©t6»-Cttfcl*:: 
tZMfttZo tL*>. m%£tltzSOD7£&tf. tztzmiZ. KMC:* 
ott/:bcllf:§i©Cu (II) igAlCjggl-r^^bte, k cat fiili. MM 
■fZ&CummzMt)*? 1 x 1 0 9 M- 1 fjH (Cabel I i. D. E. . e 
t al. . J. Am. Chem. Soc. 1 09 (1 2) : 3665-366 
9 (1 9 8 7) ) X—%T-&ho (131 5C) . 



(78) 

[0 17 7] 

tzW. 2£St0);gALfcCu (II) lz&®-?%t,0)X'lttel*Z t £^"fm3(DtiE 

mit. m$Lxi*tj:i^m£&viizxvxm&mzftL£?zmz % zn ci d 

tX-frltz (01 5Afc<fctflHl 5B, t1) o tSSl3^t£&Jl&»nffi0>P B t )0> 
.Zn (11) SS-T&iiSl::!*, ^7*fKl:^Cu (I 

I) &££&4>^£C£tf^;li)£;K£<DT% Zn (I I) T*<»1fi 

[0 17 8] 



[3M] 









Cu:A0 

tfc 


Zn:Aj3 

it: 


AJ?40£fcl*Zn 


-A £40 


0. 0 


0. 0 


0. 0 


A042£fcl*Zrv 


—A/? 42 


0. 0 


0. 0 


0. 0 


Cu-A04O 




0. 64X10 8 


0. 3 


0. 0 


CuZn-A04O 




2. 90X1 0 6 


0. 4 


0.0 


Cu-A042 




2. 24 x 1 0 7 


0. 7 


0. 0 


CuZn-A^42 




2. 1 1 x 1 0 8 


1. 4 


0. o 


SOD1 




2X10 9 


2 


2 



A^^JH§i*l^«feoTft!!^^tll)H02/O2-C0^b<7)JiJtSa (k c 
at ) . e?XA5»-Hf^14^, A^M^itiJD-r^lzo^TM^L/cOT? (@ 1 5 
AfcJ:l/igi 5B) % kcat^aeLfc^^KSSroatftt^JSTfO)^© 

&flt£5lC3l*T3{|£L*:. H-^TT^btlfcSOD 1fl)k ca t^. tt&0> 
[0 17 9] 
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-to Z<D?—$\t. KCD"7>f ^CHE^Jt (1-2 0//M) tC&lvcft& 

tltztf. *$Mt£tltzA0<J)k cat (M-lr^SODSitifi) it. «fcy& 

«!;§&-£&&) Tfe-ix!: LXm%L (Cherny, R. A. , et a I . , 
Journal of Biological Chemistry, ( 
1 999) ) , ■?-LT^>/^M^lftl^A^ 1 _42U^;l/^ * D^USg 
"Cfcofc (Kuo, Y. M. , et a I . , Biochem. Biophys 
. Res. Commun. 257 (3) : 7 87-9 1 (1 999) ) , jSoT 

, ztibvmmt. A£(D?-;u#, tLbzhbtf* duUtSJiS**, f> 

[0 18 0] 

S O D 1 0>;S14I£, WL%)lZ%!hmfrt>ft§lZtl (McCord. J. M. . 
WFr idov Ich, I. . J. Biol. Chem. 244 (22) :6 
049-55 (196 9) ) , ftoT. mifi<7>S O D 1 Mft® J: 9 -?-<D* 
>/^SK$g£f &C ufc^tfZ n<0^G>flJ^$^L7co A £*<Htt*|C&l* 
TCufc<kt;Z n tttlZiXmt&Zt (Lovell.M. A. , et al 
. . J. Neurol. Sci. 158 (1) : 47-52 (1 9 9 8)), tS 
C uilRW+U- h^l/ZnURW+l/- h^J*<5E^(Z)A DBis^*^b 
A/S^S^^^-r^^^^f'i.Ct (Ch e r n y. R. A. , e t a I 
..Journal of Biological Chemistry, BPS 1 ! 
tp (1 9 9 9) ) frb, ADIC*JL^I!6iCDAySA<CufcJ:i;z n-e^^jMb^tl 
Tl>*pr&t££*l&-f A£tf, ^>fc*tfl::ifc^T&JS$S£*>/\ 0 <j7ftT?<fc 

^(D^SAMi. ^flSrtlCli, ■&&<DCu<D7-Mtft&it? (Ra 

e, T. D. , et al. , Science 284 (5415) : 805- 
8 (1 999) ) , Z0)Ztlt. Aet>mtZ2tl%mz%®.£ft?0)T'&tllf. 

soDiz-D^xoccsmmo&TUftmmmz&^T, a 01*, &*b<fm 

&tolz&^TCoV**MbZh%&Wtf&Z>ztZMft?Z>o LfrU mf&ft 

Cu<OZf-MZ-Dl\Xlt. IS^A/if^fll-C^^o Cu mi 5MM) It. 
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X&mWiHzWLtiittl (Ha r t t e r, D. E. . *>J:tfBa r n e a, A. 
. J. Biol. Cham. 263:799-805 (1998)), -£LT0l 
Xl*ADlcS01-*l!g|-fcUr^j|J$*l*J:5^7i>K-^Xttg|(i. Cu (I 
I ) <J)A$~s<D&££fe'M-rh (Atwood. C. S. .at al.,Jo 
urnal of Biological chemistry 2 7 3; 12 
81 7-12826 (199 8) ) 0 CCDffm£#SLT. ISC'f^fhPt- 

o®mt. <!>u< ttADizmzApn-f >e^r-a)soD«jsii$iijtizs 

[0181] 

flMtt&3ff*t'<:7?K*&£&LfcCu (II) Wm< ZtOfiVZUfro 
tzOTZ. Z(D7-$\t$tz. Cu (I I) lZft?Z>A0O)mftm<. WIlcKli 
Cb^d^-Ti). £bC:, Zn (I I) lC«-f-SA)Si-40fc<fci;A)S 1-42^10 
14*<, 2O0)gUC[fCfc^T(5|-T?fc-5Ci: (Kd= 1 0 0 nMfc«fctfl 3//M) 

(Bush, A. I. , el a I . . J. Biol. Cham. 269:12 
152-12158 (199 4) ;Atwood at a I . . &'£ffl0)mm 

) , iS&ffiiss&teicfcH-acu (id \zft?&AB<Dmiam<z n d n c 
*t?z>mm®.&vmi*zt. jsmu (in ic^-r-SA^^cDmiatt^ 

Cu (II) lcOT£A£t-40<Z>$tf0l4<fcy (Atwood, 
C. S . , e t a I . , Journal of Biological Ch 
emistry 273:12817-12826 (1998)) t^i&^RtH £ 
titzo A/S 1 -4ofc«ki;A)3 l -42lc^-rsz n (II) ©gtttttli, ®J£M££#f 
lC«fcoTZn (II) »^$*l*Zt^ttlf§(Dlr+^l5t*|CliP^b*M35g 
< &lMCtfrjM?&-f . >4ri^-">3 >*ftTlC*Jt^T A 0 i-4()K*t 

■r?»«fcy ; oAiS 1 -42i9^lc^LTgWlc«fcy^<fl)Cu (II) #$S£Lfc0> 
T\ 3KJ6**ifc«»ttl*. 3t£0>*Djt<t-Srf £ (ID.Zn (ID tmft 
\z4y*r3.'<-Y-?Z>zk\t > Cu (I I) amSflOTftfr (tftiBWlc) . 

^fciizn (ii) ^gtLfc^tse^fifey^it^^xA^— b*jstt$<gifr 

•T^-Cifey^^o Zn (I I) tfCu (II) *S££iSilU -t-LTA^-42 
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a>stt£ a 0 1-40 j: y tffiit-r £ pj&ic-f zmxm&owmit. *t£w * 

frTffcl*, A0IC*H-£Zn (II) (DtZStfi**?? Ktf) tt^ »J V >7X*|ig£iS 
itf* Bl1»fC*M&aF*lTl** (Huang, X. , et a 

I. . J. Biol. Chem. 272:26464-26470 (1997) 

) 0 znztte. zo>®&MmtK Cu (i i) &£ti*V7£ft.£&1tm* 

[0 18 2] 

[0 18 3] 
[0ffi©f3Mgfcl&0J] 

[01] 

[S2A] 
[@2 B] 

a £ 1 ~4Q<Ditm£ *t 7 =j ~y V 

[02 C] 
[03] 

03li. Cu (I I) ^<&A£i~4o$S£<&$a£#ffi£n^?7:7-C'fc5o 
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[m 4 a] 

04AI*. PBS + Zn (II) \Z}$l\Tm*Op HT?OM >*ri.*— *> 3 > 
[04 B] 

04BI*. ItSCu (II) Sttffli^pHW^i^-i/a^ 

o)±mizm & pj=§i4 a )g i ~4 0 o)ttm v=? ? v h *> . 

[04 C] 

04Cli. gfc£>Cu (I I) SHi:fl)pH7. 4fc«fctf6. 6-C©Aj9i~4 
[Hi 5 A] 

05Aii, ^u— $'-a)iii^+n'^;ur^yi£^LfcpH7. 4-ecocu (i 

[@5B] 

05 Bl*, 7. 4 £6. 6t0m£f>Htimm?%m£<D. Co (I I) RI 
1£A $ i~40%mO)-5!£&<Dm&Mfi *f**V=y 7T-fc£ e 
[16] 

0 6li, A)S 1 ~42Mjfi(OAPP669~716^7 5yKiB5iJ dE5'J#^ 1 ) 
"To Z>V hA0li. %nZtlTl^Z> (R5G, Y10F, H 1 3 R ; *=?:) „ pJ 

[07] 

07li. Alft/ftCltt'f&pHU Zn (I I) fcJ:l/Cu (II) 0>£&££*: 
[i8] 

usii, 5B^o)BMiia^t>coA^a)waj^^-r. ^ix^^n^hm 

[09] 
[010] 

B1 Ott, A0K«fc£Cu (I) 4S^t^77T?fc5, 
[011] 
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01 a #!::<*: a^c^/ss^-r^ 

[012] 
[01 3 A] 

ui 3Aii, cioo h?>xVx-ytv'5xm*<D&&&mf&a)±nmz 
ttthx-'t-**^ P&mattogitiFtyyyvfoZo 01 3 Ait. T g c 

10 0. V7 1 7 FT^X^-b^S^^lfcttft^^fia SfJtfgiljg 
0**>*>;j-*S/*'--fe-fCTgC1 0 0. WT^XftMSffffllia (HA.) <MJ 
tSmtt^fcofcZ^^^-r (Xfa-f>H«!^ P<0. 01) . 
[01 3 B] 

0i 3Bii. cioo h?>xisi:-v5v'5xm%(Dmn&m\&<D&W&iz 
*TtSx £&mo)&ig:$:f*t<f = iz>X-&Z> 0 01 3Bte, ±/^e;u 
;llg<D^/$A/8i~42A^ X-/^-^-+v Kii^lcM-f-ST g C100. WT 
&®%m®<DtetZ&£M1SlZii:tzZt£irst Ufj-f>ht^, P<0. 
01) o Z<D$}&1*. 50U/ml SOD 1 -COOTlzESiLfc (X^i-x 
P<0. 0 5) „ 
[01 4A] 

01 4 Aft, C u Z n-A/li~42(!)SSTr-ro/^XM^ISI:<): 

2htzx-rt-***sh'<Dfo&<Dftitm%tm<Dmx'h& 0 0i4Ai±. ±&a 

[01 4 B] 

01 4Bte, Z n - A 0 ]~42<» : fr&TX'<D/t)lXl&tii®ftmzJ:V±fiL2tl 
[01 5 A] 

01 5 Ate, mm*®itfr* : f>mzKz>MnZ&z.z>02- (k 0 b S ) 
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0>iiJt (k 0 bs) CWt^Cu A)3i~40*J«fci;Cu Z n A li~40®ftJI!$7? 

o 

[01 5 B] 

@1 5 Bit, |sl^^^f>^a')$*i-S^$4S^'502- (k obs ) to&alz 

fcurs^^ttfciiJDS^-ry^^r'fc-So eh sbi*. mm 

0>i£Jt (k 0 bs) l:Jtt 5 C u A ]3 r42*J*^C u Z n A ^|~42©M^ *t 

o 

[01 5C] 

eh sett. mft*mtfr* : f'mztiz>MK*mz.zo2- (k obs ) ommiz 

tzSSIf (k cat ) il^^-To Ctltt, Z<7>k cat A<, "C^KMMMtH 
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[HI 2 A] 




S § S S 
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[i2C] 
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[04B] 

_ _ 3 3E 3 !f 

o irt 2 8 R £ 
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[08] 
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FIG. 8 



(96) 



[09] 

&m&U Cu2+ Zn2+ 




FIG.9 
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[01 4 A] 
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[01 5 A] 
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